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PEEFACE. 

The great progress in the development of the Artificial DyestufF 
Industry, which has marked the past half-century, has brought 
with it an urgent necessity for systematic methods of analysis 
capable of being applied not only to dyestufis in substance but 
also to all manner of dyed and coloured materials, such as textile 
fabrics, lake pigments, paper, foodstuffs, etc. Though any desired 
shade can now be obtained in many different ways, the properties 
and fastness of the result will be dependent entirely on the 
dyestuffs selected. Hence arises the need in many industries for 
analytical investigation and control. 

The methods of analysis here presented are for the most part 
the revised and completed results of a series of investigations 
conducted by the author, with the assistance of various collaborators, 
during the past twenty j^ears.^ The favourable reception accorded 
to these methods by prominent technologists in this and other 
countries, and the satisfactory results attendant on their use in the 
laboratories of the Leeds University and elsewhere, have encouraged 
the belief that they would prove of utility if introduced to a wider 
circle of scientific and technical workers. In particular it is hoped 
that they may afford assistance to the various users of dyestuffs 
and dyed materials, such as dyers, calico printers, pigment manu- 
facturers, waU-paper printers, and others. 

In order to meet the needs of many who are interested in the 
application of dyestuffs but whose knowledge of the chemistry of 
the subject is limited, it has been thought desirable to preface the 
analytical schemes by a short theoretical introduction, especially 
from the standpoint of dyestuff classification. It is hoped thereby 

» /. Soc. Chem. Ind., 1893, p. 3 ; /. Soc. Dyers and Cols., 1905, p. 236 ; 1907, 
pp. 118, 252 ; 1910, p. 83 ; 1913, p. 226. 
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to facilitate for such readers the comprehension and successful 
application of the analytical procedure. 

The chapter on the determination of the constitution of azo 
dyestuffs has been inserted at the special request of chemists 
specialising in this branch. Whilst the methods employed are 
those proposed by Witt, Grandmougin, and others, much individual 
experience and data have been added. 

In conclusion, the author desires to express his thanks to the 
various gentlemen who have collaborated with him, and in 
particular to acknowledge the valuable services rendered by his 
assistants, Mr G. H. Frank, M.Sc, and Mr A. E. Woodhead, M.Sc. 
He is also indebted to the courtesy of many firms of colour 
manufacturers who have supplied him with samples of dyestuffs 
and dyed materials, notably the Badische Aniline Co., the 
Farbenfabriken F. Bayer & Co., the Berlin Aniline Co., Messrs 
L. Cassella & Co., Messrs E. Geigy & Co., Messrs Kalle, Messrs 
Meister, Lucius & Brtining, Messrs Read, Holliday & Sons, and the 
Society of Chemical Industry in Basle, 

A. G. G. 

The University, Leeds, 
April 1915. 
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THE ANALYSIS OF 

OTESTUFFS, COLOUEED MATERIALS 

AND PIGMENTS. 

CHAPTER I. 

INTRODUCTION TO DYESTUFF CHEMISTRY. 

Dyestuffs, whether of natural or artificial origin, are complex 
compounds of the element carbon in association with other elements, 
more especially with hydrogen, nitrogen, oxygen, or sulphur. They 
belong therefore to the class of bodies termed by chemists " organic 
compounds," and indeed to that particular division of this class 
known as " aromatic." 

Dyestuffs, like " aromatic " compounds in general, contain their 
constituent carbon atoms arranged in the form of closed chains. 
They may be regarded as derived from "closed chain" or 
"benzenoid" hydrocarbons by the replacement of some of the 
hydrogen atoms by atoms or atomic groups of other elements. 
Thus the hydrocarbon benzene, OgHg, has the structure, 

H 

I II 

H 

which for simplicity's sake is frequently written as a plain hexagon. 
The replacement of certain of the hydrogen atoms in this colourless 
body by suitable atomic groups gives rise to dyestuffs ; and these 
dyestuffs may contain a single benzene nucleus, or more usually 
two or more such benzene nuclei united by certain of the atomic 
groups introduced. Furthermore, the hydrocarbon nuclei which 
are thus bound together maybe those of the same or of different 
hydrocarbons. In other words, we may regard a dyestuff molecule 
as consisting of one or more chains of carbon atoms, forming the 

1 



2 ANALYSIS OF DYESTUFF8. 

skeleton of the system, to which are attached various groups of 
other atoms. Upon the structure and position of these atomic 
groups the character and properties of the dyestuff mainly 
depend, just as in the animal kingdom the life of the organism 
depends upon the specific functions of the nerves, muscles, and 
other organs attached to the bony skeleton. 

Nearly all the artificial dyestuffs, and also all those of natural 
origin, are derived from one or other of the following hydrocarbons : 



Benzene, OgHg, i.e. 



H 

I II usually contracted to 

HC^ /CH 

H 



Toluene or Methylbenzene, OjHg, i.e. 

CH, 



HO^ \CH 

I II contracted to 

H 



A' 



(Also to a smaller extent jylene or dimethylbenzene, OgHjo.) 
Naphthalene, CioHg, i.e. 



HC^ ^C^ ^CH 

1 II 1 


contracted to 


\/\y 






H H 












Anthracene, O14H10, i.e. 












H H H 












1 II 1 


DH 

1 
□H 


contracted to | |_ 


H 
-0 = 

-c= 

H 




H H H 













These hydrocarbons are contained, together with a great variety 
of other substances, in coal-tar, the black viscid fluid obtained as a 
bye-product in the manufacture of illuminating gas or of metal- 
lurgical coke. They are isolated from this material by making 
use of the difiBrences in their boiling-points and other physical 
properties. Upon submitting coal-tar to distillation, a distillate is 
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obtained the first portion of which contains benzene and its homo- 
logues, toluene and the xylenes. The next fraction is rich in the 
hydrocarbon naphthalene; whilst the portion passing over last 
contains anthracene. The two latter substances, being solids, 
crystallise out from the oils on cooling. The raw hydrocarbons 
obtained from these several fractions are puriiied by sub- 
mitting them to redistillation or crystallisation combined with 
chemical washing with acids and alkalies. In the pure state, 
benzene, toluene, and xylene are colourless volatile liquids; 
naphthalene and anthracene, colourless crystalline solids. 

From these starting materials the artificial dyestuffs are built 
up in successive stages, but we can only take a very cursory glance at 
these operations. In the first place, the hydrocarbons are converted 
into so-called " intermediate products," obtained by replacing one or 
more atoms of hydrogen by simple atomic groups, such as the amido 
group ( — NHg), or hydroxy group ( — OH). Thus, from benzene is 
prepared by nitration and reduction amidobenzene or aniline, 







from naphthalene is obtained by sulphonation and fusion with 
caustic soda the hydroxy -naphthalenes or naphthols, 
OH 

^\0S 



00 -' 00° 

a-Naphthol. /3-NaphthoI. 



o 

from toluene, benzaldehyde. 



From anthracene there is obtained by oxidation anthraquinone, 

CH:0 

and from naphthalene, phthalic acid, 

'^/'cOjH ' ®*°- 
The sulphonic group ( — HSO,), nitro ( — NOg), nitroso ( — NO), and 
halogen (01 or Br) groups are introduced by treatment of the 
original hydrocarbons or of their amido or hydroxy derivatives with 
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sulphuric acid, nitric acid, nitrous acid, or halogens respectively. 
Dimethylamido ( - N(CH3)2), diethylamide ( — N(02H5)2), and other 
substituted amido derivatives are obtained by alkylation o£ the 
amido compounds; diphenylamine derivatives by causing amido 
compounds to react with chloro compounds. By the introduction 
of two or more of the above atomic groups into the hydrocarbon 
nucleus there are obtained diamines, amidophenols, dihydroxy com- 
pounds, naphthylamine sulphonic acids, amidonaphthol sulphonic 
acids, etc., in which the relative position occupied by the respective 
groups plays a very important role, and isomerism, more especially, 
in the naphthalene series, becomes a factor of great importance. 

These numerous intermediate compounds, like the parent 
hydrocarbons from which they are derived, are still for the most 
part colourless. They are converted into colouring-matters when 
by further chemical treatment certain other groups of atoms 
(chromophors) are introduced and a greater complexity of 
structure obtained. Thus by the action of nitrous acid upon 
aniline hydrochloride there is formed diazobenzene chloride, 

which, also a colourless body, gives upon treatment with 
i8-naphthol, an orange dyestuff (benzeneazonaphthol), 

OS 

Again, to take another example, if aniline is condensed with 
formaldehyde, the colourless intermediate product, diamido- 
diphenylmethane. 



is obtained. When this is heated with a further quantity of a 
salt of aniline in the presence of an oxidising agent, the deep red 
dyestuff Magenta is produced, 

C=<( )> = NHjCl 
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In this dyestuff a single carbon atom derived from the formalde- 
hyde unites together three benzene nuclei. 

By making use of these and many other similar methods, it is 
possible for the colour chemist to build up dyestuff molecules 
having almost any required structure, and containing the particular 
atomic groupings necessary to produce the desired properties. It 
does not lie, however, within the scope of this cursory survey to 
enter into the methods of dyestuff manufacture, for further 
particulars of which the reader is referred to the special works 
on the subject. 

Relation between Colour and Chemical Constitution. 

Although the property of colour is usually associated with a 
certain degree of complexity of molecular structure, this of itself 
cannot be regarded as the cause of colour manifestation, for many 
very complex derivatives of " aromatic " hydrocarbons, for example 
the tannins, are entirely colourless. The first attempt to establish 
a chemical ' theory of colour was made by Witt in 1876, who 
attributed dyeing properties to the simultaneous presence in the 
compound of two classes of atomic groups, viz. chroinophors, or 
groups which predispose to colour (for instance, the nitroso, nitro, or 
azo groups), and auxochronnes, or groups which intensify the colour 
called forth by the chromophor. These latter are the hydroxyl group 
(OH), the amido group (NHj), and substituted amido groups. A 
compound containing a chromophor only was termed a chromogen : 
it might be more or less coloured, but required the introduction of 
auxochrome groups to render it a dyestuff. Whilst the above theory 
is not entirely superseded, most chemists at the present day attri- 
bute the manifestation of colour and dyeing properties amongst 
"aromatic" compounds to a peculiar unsaturated condition of 
the hydrocarbon ring similar to that occurring in the quinones. 
According to this view, all dyestuffs are " quinonoid " in structure, 
or capable of existence in a " quinonoid " form. The two quinones 
derived from benzene have the structure : 
o 

A and ^=0 

II 
o 

Parabenzoquinone. Orthobenzoquinone. 
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whilst those derived from naphthalene have the structure : 

o o 

II II 

/\/\ , /\/\=o 

and II I 



II 
o 

a-Naphthaquinone. jS-Naphthaquinone. 

Accordingly, upon this hypothesis we may represent all dyestuffs 
as constituted upon the general type : 

X 

li 

/\ ,./\-X 

II II or \z 

\/ \/-^ 

II 
X 

Paraquinonoid. Orthoquinonoid. 

or by similar formulae derived from naphthalene and anthracene. 
In these formulae the symbol X stands for simple or complex 
atomic groups. Thus, for example, in the formula for Magenta, 
already given, the central nucleus, 

C=/ N=NH2C1, 

is quinonoid; and this group is regarded as the source of colour 
in all the dyestuffs of the triphenylmethane class. It is therefore 
the true " chromophor " of this class of colouring-matters. 

It is an important fact that many dyestuffs are capable of 
existence both in a " quinonoid " and a "benzenoid" (non-quinonoid) 
form, and may change from one form to the other with alteration 
of conditions (solvent, alkalinity, acidity, temperature, etc.). This 
transformation is accompanied by a loss or gain of colour, and 
may be represented by the general expression : 
X X 

II I 

/\ ^ /\ 

II II Z II 

\/ ^ \/ 

II I 

X X 

Coloured. Colourless. 

This tendency to isomeric change serves to explain many well- 
known facts, as, for example, the pale colour of picric acid in the 
solid state contrasted with its much deeper colour upon the fibre ; 
the decolourisation of certain dyestuffs of the triphenylmethane 
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series by alkalies, e.g. of Alkali Blue ; the red salts of the colourless 
phenolphthalein ; the colourless solutions given by Rhodamine in 
anhydrous ether or benzene, etc. It ha^ probably also an im- 
portaut bearing upon the fastness of many dyestuffs to light, 
soap, and other agencies. 

Leuco Compounds. 

It is a well-known peculiarity of most dyestuffs that they 
readily take up hydrogen with the production of colourless com- 
pounds. Whilst in the case of the nitro, nitroso, and azo colours, 
amido compounds are produced from which the original dyestuffs 
cannot be regenerated, all other classes of colouring-matters are 
converted with greater or lesser ease into so-called "leuco 
compounds." These are substances (usually colourless) containing 
two atoms of hydrogen more than the original dyestuff from which 
they are formed, and reconvertible into the latter upon oxidation. 
These facts receive a ready explanation upon the quinonoid 
hypothesis, and may be represented by the general expression : 

X 

II- XH 

/\ /\-X /\ /\XH 

II II or I II + H, > I I or I I 

\/ \/~^ \/ \/^^ 

I! XH 



Dyestuff. Leuco Compound. 

In other words, the reduction of the dyestuffs, as of their prototypes 
the quinones, gives rise to benzenoid compounds. Only in the case 
of the anthraquinone dyestuffs are the " leuco " compounds coloured; 
and this is probably to be accounted for by the presence of two 
chromophoric groups in dyestuffs of this class, so that the " leuco " 
compound (the word is here a misnomer) still has a quinonoid 
structure. 

The facility with which the leuco compounds derived from 
various classes of dyestuffs are reoxidised to the original dyestuff 
varies with their structure, and is probably dependent upon whether 
the dyestuff has an orthoquinonoid or a paraquinonoid constitution.^ 
We find, for instance, that the leuco compounds of the indigoid 
dyestuffs, which must have an ortho quinonoid constitution, are 

1 See A. G. Green, Proc. Ghem. Soc, 1892, p. 195 ; 1896, p. 226 ; Rev. Gen. des 
Mat. Col., 1897, p. 269. 
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readily oxidised by air, whilst those of the triphenylmethane 
and indamine series, to which only a, para quinonoid constitution can 
be ascribed, are stable* to atmospheric oxidation and require the 
application of a stronger oxidising agent, such as chromic acid, 
persulphuric acid, or permanganic acid, to restore their colour. 
These differences of behaviour afford valuable assistance in dis- 
tinguishing between dyestuff classes, and are made use of in the 
analytical tables which follow in later chapters. 

The facility with which different classes of dyestuffs suffer 
reduction to their leuco compounds is also a variable factor 
dependent upon specific structure. Thus the triphenylmethane 
dyestuffs are less easily reduced than the azines, oxazines, or 
thiazines, but more readily than the phthalein or acridine dyestuffs.^ 
In particular, it is found that dyestuffs containing the quinoline 
group and the thiazol group are only reduced with considerable 
difficulty, a fact which is conveniently used to differentiate 
these classes. 

Closely related to the leuco compounds are the "bisulphite" 
compounds, a class of bodies which are produced when certain 
dyestuffs, especially those containing CO groups, are treated with 
a solution of sodium bisulphite. These compounds have the 
advantage of being soluble in water even when the dyestuff from 
which they are derived is insoluble, and as they are readily recon- 
verted into the parent substance upon steaming or treatment with 
alkalies, they are frequently employed in calico-printing in place 
of the dyestuff itself. Thus, Alizarine Blue S is the bisvdphite 
compound of the insoluble Alizarine Blue, Gallocyanine BS the 
bisulphite compound of Gallocyanine. A similar principle is made 
use of for dyeing and printing, in the employment of alkaline 
salts of certain leuco compounds in place of the more sparingly 
soluble dyestuffs. Thus in the indigo and oxazine classes soluble 
leuco compounds are sold which undergo reoxidation during use. 
Those dyestuffs of the " sulphide " class which are brought upon 
the market in a soluble form by admixture with sodium sulphide, 
may also be regarded as belonging to this category. 

1 Cf. A. G. Rota, Chem. Zeit., 1898, p. 437 ; /. Soe. Ghem. Ind., 1898, p. 798. 



CHAPTER II. 

CLASSIFICATION OF DYESTUFFS. 

Whilst the structural framework of the dyestufF molecule may be 
regarded as primarily responsible for the existence of colour, the 
specific properties of the dyestuff, such as shade, affinity for fibres, 
fastness, and behaviour to reagents, depend largely upon the 
particular atomic groups with which this framework is clothed. 
These atomic groups are of two kinds : (a) chromophoric groups ; 
(6) salt-forming groups, e.g. basic, acid, hydroxylic, or sulphide. 
Whilst the atomic groupings of the first kind determine the 
chemical class to which a particular dyestufi" belongs, and hence 
its behaviour upon reduction and reoxidation, those of the second 
kind are largely responsible for its dyeing properties and the 
fastness of the dyed material towards acids, alkalies, soap, milling, 
etc. A dyestuff" of almost any chemical class may be given "basic," 
"acid," or "mordant-dyeing" properties by the introduction of 
basic, acid, or hydroxylic groups in suitable positions. 

From the above it is clear that it is possible to classify dyestuffs 
by two methods, viz. : — 

A. Into chemical classes according to the specific chromophor 
present, or 

B. Into dyeing classes according to the method of application. 
In the pages which follow, the dyestuffs will be regarded from 

these two points of view in turn ; whichever we employ as the 
primary system of classification, the other may be used for sub- 
division. 

A. Chemical Classes. 

The following are the most important classes of dyestuffs, 
arranged according to their constituent chromophors : — 
I. Nitroso Compounds. — Typical grouping : 
AoH .. /\=0 

I Jl 



k>o ""^ KM 



OH 
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This is a very small class, mainly represented by mordant 
dyestuffs used in calico-printing, such as Fast or Steam Green 
(dinitrosoresdrcin). Their iron lakes are dark green, the chromium 
lakes, brown. Upon reduction, the members of this group are 
converted into colourless amido compounds from which the original 
dyestuffs cannot be regenerated by oxidation. 

II. Nitro Compounds. — Typical growpvng : 

o 

OH II 



I or 

\/ \y 

NO2 II 

Noja 

This is also a small class, represented only by yellow dyestuffs 
having acid properties. The most important member is Naphthol 
Yellow S, a dinitronaphthol sulphonicacid, 

OH 
SOsH/^i-^lNOa 



Upon reduction, the nitro dyestuffs, like those of the nitroso class, 
are converted into colourless amido compounds, incapable of re- 
generating the original dyestuff upon oxidation. When heated 
with a solution of sodium or ammonium sulphide the colour first 
changes to orange, through formation of intermediate nitroamido 
compounds, before complete reduction ensues. The solid dyestufi^ 
usually deflagrates when brought into a flame. Those dyestuffs of 
this class which do not contain sulphonic groups are readily 
volatilised by heat, and give a yellow stain when placed against 
white paper in contact with a hot iron. This may be used as a 
test for unsulphonated nitro compounds in articles of diet, for 
which they are sometimes employed. 

III. Azo Compounds. — Typical grouping : 

B-N : N-/~N-OH (or NHa) or R-NH . lT = /~\ = (or NH) 

(and ortho compounds of analogous type). 

This is a very large class of dyestuffs, far exceeding all others 
in the number of its representatives, some of which have neutral, 
some acid, some basic, and some mordant-dyeing properties. It 
consists of compounds in which two or more hydrocarbon nuclei 
are united by the azo group ( — Ng — ). One, two, three, or 
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occasionally four of these groups may be present, the molecular 
complexity increasing with their number. The azo compounds of 
simpler structure are usually yellow to red in colour ; those of more 
complex constitution, violet to blue and black. Amongst analogously 
constituted compounds with the same number of azo groups, those 
containing naphthalene nuclei have a darker colour than those 
containing benzene nuclei. Lake formation also tends to increase 
the depth of shade : thus the red Chromotropes become dark blue 
to black upon conversion into chromium lakes. 

By reduction, the azo dyestuffs, after intermediate formation of 
very unstable hydrazo compounds, are completely destroyed, being 
broken up between the double nitrogen groups into two or more 
colourless amido compounds. Thus, to take an example, Orocein 
Scarlet 3B, which has the formula 

0H_ 

sOjH^^^^ir : N-<^-N : ir-<( y 

SOaH<(J> 

gives upon reduction parasulphanilic acid, 

NHa 



Kj 



paraphenylenediamine. 



SO3H 
NH, 



.and amidobetanaphthol sulphonic acid, 

SO3H NHo 



From the products of resolution, the constitution of the azo 
dyestuff can be deduced, and this procedure has become a valuable 
means for ascertaining the structure of dyestuffs of this class. 
Upon the amount of hydrogen consumed during reduction there 
has also been based an accurate method of estimating azo dyestuffs 
either in solution or upon the fibre, consisting in titration with a 
standard solution of titanium trichloride.^ Each azo group con- 
sumes four atoms of hydrogen for complete reduction, equivalent 
to four molecules of TiOlg. 

1 Knecht, /. Soc. Dyers and Gols., 1903, p. 169 ; 1904,. p. 97 ; 1905, p. 292. 
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In the case of the azo dyestuifs belonging to the stilbene class, 
i.e. azo dyestuffs containing the diphenylethylene group, 

-OH : OH— < 



the intermediate hydrazo compounds are more stable. These dye- 
stuffs are consequently not broken up at once, but are first reduced 
to intermediate leuco compounds which reoxidise to the original 
dyestuff in air, and only upon more prolonged action of the reducing 
agent give stable amido compounds (diamidostilbenedisulphonic 
acid, etc.). 

Azo dyestuffs containing a second chromophor, such as the 
azosafranine colours (Indoin Blue, Janus Blue, Janus Green, etc.) 
or those of the azothiazol class (Primuline Red, Erica, etc.), give on 
reduction the parent amido compound belonging to the azine or 
thiazol class (e.g. Safranine or Primuline Yellow) or its leuco 
compound. 

Oxidising agents also effect a splitting of azo dyestuffs into two 
or more products, though in this case the azo groups remain intact.^ 
Thus upon dissolving hydroxy azo dyestuffs in cold fuming nitric 
acid, a diazo salt and a nitrophenol are produced according to the 
general equation: 

K,'.N2.B,".0H + 2HNO3 -5. R'.N2.N03 + R"/ 

\0H 

When the phenolic residue contains an easily replaceable hydrogen 

atom or sulphonic group, a second nitro group may be simultaneously 

introduced. Conclusions can be drawn as to the structure of the 

dyestuff, by identification of the nitrophenol obtained, and by 

examining the colour reactions given by the diazo salt upon 

treatment with various phenols in alkaline solution: The method 

is particularly useful as a supplement to the reduction process, in 

ascertaining the constitution of azo compounds containing naphthol- 

sulphonic acid residues. 

Many azo dyestuffs dissolve in concentrated sulphuric acid with 

very characteristic colours, which are different from those of their 

aqueous or alcoholic solutions. This reaction can frequently be 

used to characterise individual members of a series or to distinguish 

mixtures. Though no rule can be laid down, the colour of the 

solution in concentrated sulphuric acid is largely influenced by the 

> Meldola and Morgan, Trans. Ohem. Soc, 55, 608 ; 65, 841 ; 0. Schmidt, Ber., 
38, 3201 ; /. prakt. Ohem., 1912, p. 235 ; Mathewson, C7ieni. News, 1913, p. 265. 
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position of the sulphonic groups in the molecule. A remarkable 
illustration of this is furnished by the three scarlet dyestuffs: 
Orocein Scarlet, Brilliant Scarlet, and Biebrich Scarlet, which are 
all disulphonic acids of the same azo compound, differing only in 
the position of the sulphonic groups : 

Crocein Scarlet, 

OeH,(S03H).N,.C6H,.N2.Ci„H5(OH)S03H. 
Brilliant Scarlet, 

C6H5.N2.06H4.N2.0i„H,(OH)(S03H)3. 
Biebrich Scarlet, 

CeH,(S03H).]Sr,.C5H3(S03H).N2.C„He(OH). 

These dyestuffs all dissolve in water and dye with nearly the same 
colour, but in concentrated sulphuric acid the first gives a blue 
solution, the second a violet, and the third a green. 

" Acid " azo dyestuffs containing amido groups, are usually more 
or less sensitive to dilute mineral acids. Thus Methyl Orange, 

C6H,(S03H).lJ-2.C6H4.N(CH3)j, 
is changed to red, and Congo Ked, 

CeH4.]Sr2.Ci„H5(S03H)ira3 

CeH,. lJ-2..0,oH,(S03H)NH2, 

becomes blue. 

Azo dyestuffs containing hydroxy groups in which the hydroxy 

group occupies the para position to the azo group are sensitive 

to alkalies, by which they are changed from yellow to orange, or 

from red to maroon. This sensitiveness to alkalies is removed if 

the hydrogen of the hydroxyl groups is replaced by an alkyl group 

(methyl or ethyl). Thus the dyestuff Brilliant Yellow, which has 

the constitution 

CH. C8H3(S03H). Nj. CeH^. OH 

II 
OH.C6H3(S03H).N2.06H4.0H, 

is changed to orange by caustic soda, but upon ethylation is 
converted into the alkali-fast dyestuff Chrysophenine, 

CH.C8H3(S03H).N2.C6H4.0CuH5 

0H.06H3(SO3H).N2.CeH,.OC2H5. 

Hydroxy azo dyestuffs in which the hydroxy group occupies the 
ortlw position to the azo group are, however, unaffected by aqu 3ous 
alkalies, and this constitution is therefore to be preferred, and is 
mainly employed. 
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Azo dyestufFs which do not contain a salt-forming group, either 
acid or basic, are insoluble in water, and in the ready prepared 
condition are only used as pigment colours (paper staining, printing, 
etc.), and for colouring oils, waxes, and varnishes. They find, how- 
ever, a large employment in dyeing and calico-printing when pro- 
duced upon the fibre itself (cotton) by applying successively an 
alkaline phenol solution (usually /3-naphthol) and a solution of a 
diazo compound. This method is used, for example, in the produc- 
tion of Para Red (from /3-naphthol and diazotised paranitraniline) 
and of Dianisidine Blue (from j8-naphthol and diazotised dianisidine). 
Azo dyestuffs of this class have neutral properties, and differ from 
the water soluble azo dyestufis in being soluble in organic solvents. 
They are therefore removed from the fibre upon extraction with 
pyridine, chloroform, etc. They are also more or less volatile under 
heat, a fact which can be made use of to distinguish, for instance. 
Para Red from Turkey Red, the colour of the former disappearing 
when the fibre is heated over a small flame. 

The azo dyestuffs may be conveniently subdivided on the basis 
of their dyeing properties into the following divisions : 

(a) Basic Azo Colov/rs. — A small group represented by Bismarck 
Brown, Chrysoidine, Tannin Orange, and by the Safranine-azo 
colours (Janus Blue, etc.). 

(b) Acid Azo Colours. — A large group to which the ordinary 
wool yellows, oranges, scarlets, blacks, etc., belong. 

(c) Mordant Azo Colours. — A group consisting of "acid 
mordant " or " chrome " colours, chiefly used for dyeing wool in 
shades fast to iailling. 

(d) Direct or Salt Azo Colov/rs. — Employed chiefly in the 
dyeing of cotton and linen. 

(e) Neutral or Pigment Azo Colours. — Comprises Oil Yellow, 
Sudans, Para Red, Dianisidine Blue, etc., and some of the colouring- 
matters employed as pigments, such as Pigment Orange R, Helio 
Fast Red RL, Pigment Purple, etc. 

IV. Triphenylmethane Class. — Typical groupings : 

NB^OH O 

II II 

/\ ^ /\ 
II II and II II 

V^ \/ 

II II 

—C- — C- 

The dyestuffs of this class have mostly a very brilliant shade, 
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red, violet, blue, or green. Its members, of which Methyl Violet, 

C==<^^)>=N(CH3),Cl 

may be taken as a typical representative, may have '' basic," 
" acid," or " mordant " dyeing properties. As a class the triphenyl- 
methane dyestuffs, more especially those having basic properties, 
are rather deficient in fastness to light. Many of them, such as 
the Alkali Blues, Acid Greens, etc., are very sensitive to the action 
of alkalies or soap, by which they are decolourised. This loss 
of colour is to be attributed to a conversion of the quinonoid 
compound into a colourless benzenoid carbinol according to the 
general equation : 



II II > 

\/ 

II I 

-C— =C.OH 







The tendency for this change to occur, which is present in varying 
degree throughout the entire class, is greatly diminished by the 
introduction of a sulphonic or halogen group in an ortho position 
to the methane carbon. The dyestufi's of the Patent Blue series 
and some of the Acid Violets possess such an ortho-sulphonic group, 
and exhibit in consequence superior fastness to washing and milling. 
A similar effect is obtained in the " basic " members (Setoglaucines 
and Setocyanines) by the introduction of an ortho-situated chlorine 
atom. 

The " basic " members of the triphenylmethane class are re- 
presented by Fuchsine, Methyl Violet, Malachite Green, Brilliant 
Green, Setoglaucine, Setocyanine, V^ictoria Blues, etc. 

The "acid" members comprise Acid Fuchsine, Soluble and 
Alkali Blues, Wool Blues, Acid Violets, Acid Greens, Patent Blues, 
Ketone Blues, etc. Certain of these (sulphonic acids of betanaph- 
thylated rosanilines) exhibit a certain degree of " direct " affinity 
for cotton, upon which they give bright greenish-blue shades when 
used alone or in admixture with azo salt dyes (Titan Como, 
Chlorazol Brilliant Blue, Isamine Blue, etc.). 

The " mordant-dyeing " members of the triphenylmethane class 
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are represented by Chrome Violet, Chrome Green, Eriochrome 
Cyanine, Eriochrome Azurol, and the Chromoxane colours. 

Closely related to the triphenylmethane colouring-matters is the 
yellow " basic " dyestuff Auramine, which may be regarded as a 
derivative of diphenylmethane. It has the structure : 

//~N-N(CH8)3HC1 y~N=N(CH3)aCl 

HN:0( >< or H^N.of >< 

^<(^-Nios:,\ \<^-ir(CH3), 

This dyestuif is readily decomposed upon boiling with acids giving 
an ammonium salt and the colourless tetramethyl-diamidobenzo- 
phenone. It also exhibits the peculiar property of producing an 
unstable violet colouration upon reduction with zinc dust and an 
acid, due to the formation of a quinonoid salt of ' tetramethyl- 
diamidodiphenylcarbinol. 

V. Pyrone or Phthalein Class. — Typical groupings: 



i-0-,/^=NB.,OH 



OPO'" 



This class, consisting partly of " acid " and partly of " basic " 
members, comprises some of the most brilliant dyestufFs known. 
They are less liable than the triphenylmethane colours to undergo 
conversion into colourless carbinol forms, and are hence fa^ster than 
the former to alkalies, soap, and milling. The Rhodamines are 
" basic " members of the class, represented by the first of the above 
general formulae, Thus Rhodamine B has the constitution : 



(C,H,),ir,/\,-0-/\,=N(CaH5)301 
CeHj.COaH 



The Eosines are the corresponding phenolic analogues containing 
the typical grouping shown by the second general formula above. 
Thus Eosine A has the constitution : 



Br Br 

0H,/\,-0-,/\,=0 

06^4. COjH 



The Acid Eosines, Acid Rhodamines, and Violamines or Fast Acid 
Violets contain in addition to the basic or phenolic groups, also 
sulphonic groups (SO3H). The Eosines are capable of yielding 
unstable metallic compounds, and in the form of their lead salts 
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are employed for the preparation of red pigment colours 
(" Vermilionettes "). More definite " mordant-dyeing " properties 
are possessed by Gallein and the Chromorhodines, the former of 
which is used in calico-printing under the name of Alizarine 
Violet. 

In their behaviour towards reducing agents the pyrone colours 
are distinguished from the triphenylmethane dyestuifs by greater 
resistance to decolourisation, and when reduced give leuco com- 
pounds which are rather more oxidisable by air. In this latter 
respect they occupy a somewhat intermediate position between 
the para- and the ortho-quinonoid dyestuffs. The violet and blue 
members of the class, such as Fast Acid Blue, approach the ortho- 
quinonoid dyestuifs in the facility with which their leuco com- 
pounds are oxidised. 

The Eosines, when not containing a sulphonic group, are readily 
taken up from acid media by ether, giving yellow solutions which 
become pink on evaporation of the solvent and addition of an 
alkali. On the other hand the unsulphonated Ehodamines, being 
" basic," are taken up by ether from a neutral or alkaline solution. 
The sulphonated members of both classes are entirely insoluble in 
ether. The Eosines, being brominated or iodated compounds, are 
further characterised by the evolution of the respective halogen 
when heated with concentrated sulphuric acid and oxide of 
manganese. Most of the members of the pyrone class exhibit in 
solution a more or less pronounced fluorescence. 

VI. Acridine Class. — Typical grouping : 

I 

This is a small class of yellow and orange dyestuffs, containing 
" basic " members only. They find their chief employment in calico- 
printing and leather dyeing. The typical representative of the 
class is Phosphine, 

H CI 

I 
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Other members are Acridine Yellow, Acridine Orange, Benzoflavine, 
Rheonine, Coriphosphine, Euchrysine, Aurophosphines, etc. 

The acridine dyestuffs are somewhat resistant to reduction, 
and are therefore not decolourised on the animal fibre by hydro- 
sulphite. They mostly exhibit a marked green fluorescence, when 
dissolved in concentrated sulphuric acid or alcohol. 

VII. Anthracene or Anthraquinone Class.— Typical grouping : 



This important class contains "acid," "mordant," and "vat- 
dyeing " members, all of which are remarkable for great fastness 
to light. The older members of the class, comprising Alizarines, 
Purpurines, Alizarine Orange, Alizarine Blue, Alizarine Cyanines, 
Anthracene Blues, etc., are " mordant " colouring-matters dyeing 
upon aluminium, chromium, or iron. With these mordants very 
fast colours are produced, the shades of which vary with the 
mordant employed. Thus the typical dyestuff of this class. 
Alizarine, 

o °^ 

C— i^OH 



Ui^^ 



yields with aluminium a red, with chromium a maroon, and with 
iron a purple. When fixed upon a compound mordant of aluminium, 
calcium, and a fatty acid, it produces the celebrated Turkey Red. 
The " acid " members of the class are represented by the Alizarine 
Reds (WS, etc.), Alizarine Acid Blue, certain marks of the Alizarine 
Cyanines and of the Anthracene Blues, Acid Alizarine Green, Aliza- 
rine Saphirol, Alizarine Astrol, Alizarine Irisol, Alizarine Cyanol, 
Alizarine Direct Blue, Violet, and Green, Cyananthrol, Alizarine 
Cyanine Green, Alizarine Viridine, Anthraquinone Blue, Violet, and 
Green, etc. Whilst many of these belong to the class of " acid- 
mordant " dyestuffs, others again are true " acid " colours requiring 
no mordant for their fixation (Alizarine Saphirol series. Alizarine 
Direct colours, etc.). 

The "vat" dyestuffs of the anthraquinone class, the first of 
which was discovered in 1901, are now a numerous and important 
division (Indanthrene series, Algol series, Cibanone colours). In 
their extreme resistance to light and other agencies they constitute 
the fastest dyestuffs known. Many of these compounds have a 
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very complex structure containing two or more anthraquinone 
residues. For the most part they do not sublime when heated, 
and are thus distinguished from the " vat " dyestuffs of the indigoid 
class. Two or three of the simpler members, however, form an 
exception to this rule. 

All the anthraquinone dyestuffs, whether belonging to the 
" mordant," " acid," or " vat " classes, exhibit the peculiarity, already 
mentioned, of giving colowred leuco compounds. This is to be 
referred to the reduction of one 00 group to a — CH(OH) group, 
leaving the second OO group to assume a quinonoid form : 

^ °^ OTT 




\/ o V V ?„V 



. / r \ / \ / 

OH 

The leuco compounds are in many cases reoxidised to the original 
dyestuff by air alone, but in other cases a stronger oxidising agent 
is required. Their colour often differs remarkably from that 
of the original dyestuff: for example, the leuco compound of the 
yellow Flavanthrene is blue, reoxidising in air to yellow. The 
application of stronger reducing agents frequently converts the 
first leuco compound into a more stable second leuco compound 
from which the dyestuff is difficult to regenerate. 
VIII. Aziue Class. — Typical grouping : 



A 



/^\/\ 



II 

This class contains both "basic" and "acid" dyestuffs which 
range in shade from red through violet to blue. Whilst the 
"basic" members of the class are mainly represented by the 
Safranines, Rhodulines, and Spirit Indulines, the " acid " members 
comprise the Eosindulines, Soluble Indulines, Nigrosines, and the 
recently introduced Wool Fast Blue and Wool Fast Violet. 

The typical representative is Safranine : 

whilst Perkin's Mauve, the earliest coal-tar dyestuff, belongs to this 
group. Certain "basic" members which are insoluble in water 
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(Indulines and Nigrosines) are employed in the form of their salts 
with oleic, linoleic, or stearic acids to colour oils and waxes (for 
boot polishes, lacquers, printing inks, etc.). 

As already mentioned under Class III., " basic " dyestuffs con- 
taining both the azine and the azo chromophor, obtained by 
coupling diazotised Safranines with naphthols, etc., are employed 
under the names of Indoin Blue, Janus Blue, Janus Green, etc., 
chiefly in calico-printing. They exhibit upon reduction a charac- 
teristic behaviour, the azo residue being split off and the leuco 
compound of the parent Safranine formed, which upon exposure 
to air becomes red, or if formaldehyde is present (reduction with 
hydrosulphite formaldehyde compounds) violet. 

Many red and violet dyestuffs of the azine class exhibit the 
property of dissolving in concentrated sulphuric acid to a green 
solution, which on dilution with water passes through blue to the 
original shade. 

Aniline Black is a black insoluble dyeatuff which is produced 
on the cotton fibre by oxidation of salts of aniline with chlorates 
or bichromates. It has been shown recently ^ that this dyestuff is 
a very complex azine. It is insoluble in all solvents and cannot 
therefore be extracted from the fibre. Like other azines it is 
reduced to a leuco compound which is very rapidly reoxidised by 
air. The estimation of Aniline Black on the cotton fibre can be 
effected, after removing all finishing materials and other dyestuffs, 
by determining the nitrogen present by the Kjeldahl method, 
using about 5 grams of cloth for each estimation. The percentage 
of nitrogen found, subtracting 01 per cent, for that normally 
present in the cotton fibre, gives when multiplied by the factor &6 
the percentage of Aniline Black. The Aniline Black can also be 
separated from the fibre by dissolving the cotton in cold concen- 
trated sulphuric acid and, as soon as solution is complete, pouring 
into cold water, when the dyestuff is thrown down as a greenish- 
black voluminous precipitate which is filtered off, washed with 
water, and dried. 

IX. Oxaziue Class. — Typical grouping : 



' A. G. Green and collaborators, J. Soc. Dyers and Cols., 1913, pp. 105 and 338. 
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This class is chiefly represented by blue "basic" and "mordant" 
dyestuffs, of which Meldola's Blue, 



n 



^/\ ci 



may be taken as a typical example. This, together with Nile 
Blue, Capri Blue, and Cresyl Blue, are " basic " dyestuffs ; whilst 
the Gallocyanines, Prune, Gallamine Blue, Celestine Blue, Delphine 
Blues, Phenocyanines, Modern Violet, Gallo Violet, Modern Gyanines, 
Chrome Azurines, Anthracyanine, Ultraviridine, Gallo Green, etc., 
are " mordant " dyestuffs largely used in calico-printing. Most of 
these latter possess " basic " as well as " mordant " dyeing properties, 
and hence form lakes both with tannin and with chromium salts. 
They may therefore be termed " basic-mordant " colours. 
X. Thiaziue Class. — Typical grov/ping : 







/%/\ 



\ 



./J 



This class, also mainly represented by blue dyestuffs, includes 
members of the " basic," " acid," and " mordant " divisions. Its most 
important representative is Methylene Blue, 



^\/\ 



(0H3)y^^^ ^!^^bl(CH, 



CI 
Azocarmine is an " acid " member of the class, whilst Indochromine, 
Brilliant Alizarine Blue, and Gallothionine Violet are " mordant " 
dyeing members. The thiazine chromophor is probably also present 
in the blue and black dyestuffs of the " sulphide " class. 
XL Thiazol or Thiobenzenyl Class. — Typical growping : 

The most important member of this class is the diazoti sable 
dyestuff, Primuline,^ in which the typical thiazol group is repeated 
twice, 

1 A. G. Green, /. Soc. Ghem. Ind., 1888, 7, 179 ; /. Ghem. Soc, 1889, 55, 
227. 
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This dyestuff dyes cotton directly in primrose-yellow shades, which 
when diazotised and coupled with phenols on the fibre can be con- 
verted into various other colours (yellow, orange, red, maroon, etc.) 
remarkable for their excellent fastness to washing. Thus, the 
most used Primuline Red is produced by passing cotton dyed 
with Primuline through a solution of nitrous acid (sodium nitrite 
acidified with hydrochloric acid) and then through an alkaline 
bath of betanaphthol, when the red is at once developed. 

Certain other members of the thiazol class (Chloraniine -Yellow, 
Chlorophenine, Thiazol Yellow, Thioflavine S, etc.) also possess 
a direct affinity for cotton, i.e. are "salt" dyestuffs, but as 
they do not contain an amido group, they are not diazotisable. 
The dyestuff" Thioflavine T has " basic " properties, and is used in 
calico-printing for the production of pure greenish-yellow shades 
with a tannin mordant. 

Some members of the class contain an azo group in addition to 
the thiazol grouping (e.g. Dianil Yellow, Erica, Diamine Rose, 
Geranine, etc.). These also have a direct affinity for cotton. 

The thiazol chromophor is difficult to reduce, and those dyestuffs 
containing this group alone are but little affected by reducing 
agents or only become rather paler. When, however, as is the case 
with the developed colours from Primuline, an azo group is also 
present, the latter suffers disruption and the yellow parent thiazol 
compound remains. 

XII, Quinoline and Isoquinoline Class.— Typical groupings: 



-OH=CH /^.— CH = CH 

I and I 

-N=CH I J-OH=N 



This class is a small one, comprising only one member used 
in dyeing, viz. the fast greenish-yellow dyestuff Quinoline Yellow, 
which has the constitution : 







OH— CH = N^\/ 



The compound itself is insoluble in water and is therefore only . 
used for colouring varnishes and oils, but its disulphonic acid, 
QuiQoline Yellow 0, is a valuable " acid " dyestuff for wool and 
silk, giving shades fast to light. 

Other members of' the quinoline class are for the most part 
very fugitive to light, and although unsuitable as dyestuffs for 
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fibres, find application as photographic sensitisers and in colour 
photography (Cyanines, Quinoline Red, Ethyl Red, Orthochrome 
Colours, etc.). 

Tfie dyestuffs of the quinoline series, like those of the thiazol 
class, are resistant to reduction and therefore difficult to decolourise. 

XIII. Flavone Class. — Typical grouping : 

/\,-o-c-<-> ' 

I l_CO-OH 

The representatives of this class at present in use are all 
natural dyestuffs and mostly possess " mordant " dyeing properties. 
They comprise the colouring principles of Fustic, Weld, Quercitron, 
Persian Berries, etc.; thus morin, the colouring-matter of Fustic 
wood, has the constitution : 

0H_ 

l^— CO-C(OH) 
OH 

The colouring-matters of other dye-woods, such as those of 
Logwood (hsematein), Brazilwood (brazilein), Cutch (catechin), 
also contain closely related chromophorie groups. The dyeing 
principles generally exist in the fresh dye-woods in the form of 
glucosides or leuco compounds. From these substances the 
dyestufis proper are formed during extraction or use. Their 
compounds with mordants are somewhat easily decomposed by 
acids, so that they are stripped from the fibre even by dilute 
acid solutions, more particularly when dyed upon aluminium or 
iron. With mineral acids. Logwood (hsematein) gives a character- 
istic bluish-red solution, which serves to identify this dyestuff or 
to separate it from mixtures. 

3CIV. Indigoid Class. — Typical growping : 

This class, which until a few years ago was only represented 
by Indigo itself and its sulphonic acids (Indigo Carmine), has 
been recently greatly extended. It now contains dyestuffs of 
almost every shade (Thioindigo series, Helindone series, Ciba 
series, etc.). With the exception of the " acid " dyeing and fugitive 
Indigo Carmine, these dyestuffs all belong to the class of "vat" 
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colours and are remarkable for great fastness to light and other 
influences. The typical representatives are Indigo Bluev 

and Thioindigo Red, 

Many members of the class contain chlorine or bromine atoms in 
substitution for hydrogen in the nucleus ; thus Ciba Blue 2B is 
a tetrabromo derivative of Indigo. 

The indigoid " vat " dyestufis are insoluble in water, but become 
soluble upon treatment with alkaline reducing agents by formation 
of alkali salts of the leuco compounds. These leuco compounds 
are of a pale yellow colour and are readily reoxidised by air. 
The dyestuffs are volatile at a high temperature, giving coloured 
vapours of a similar tint. Being more or less neutral in properties 
they can be extracted from the animal or vegetable fibre by organic 
solvents such as pyridine, glacial acetic acid, cresol, aniline, and 
(to a less extent) chloroform. The solubility in pyridine, acetic 
acid, and cresol has been used as a means of separating Indigo from 
accompanying dyestuffs in the analysis of mixed shades on wool. 

As already mentioned, a large number of the indigoid dyestuffs 
contain halogen atoms in the nucleus, more especially bromine 
(Ciba Blue, Bromindigo, Indigo MLB/4B, 5B, 6B, Brilliant 
Indigo, Ciba Violet, Ciba Heliotrope, Thioindigo Scarlet G, etc.). 
In such dyestuffs the presence of the halogen can be detected by 
heating with oxide of manganese and concentrated sulphuric acid. 

Indigo itself, which still remains the premier blue dyestuff, 
though formerly obtained entirely from the indigo plant (various 
species of the genus Indigofera) is now manufactured in great 
measure synthetically, the starting-point bfeing the hydrocarbons 
benzene or naphthalene. It is stated that the world's consumption 
of synthetic Indigo is at present 7000 tons of 100 per cent, dyestuff" 
per annum. On account of the great importance of Indigo in 
cotton and wool dyeing a large amount of attention has been 
devoted to its analysis, and this subject will therefore be considered 
in a special chapter. 



CHAPTER III. 
CLASSIFICATION OF DYESTUFFS {continued). 

B. Dyeing Classes. 

In the foregoing pages the organic dyestuffs have been considered 
from the point of view of their chemical structure, that is, in 
relation to the chromophors they contain. If, however, we employ 
as the basis of classification the respective affinities and methods 
of application to animal and vegetable fibres, the dyestuffs may be 
classed into the following divisions, in each of which will be found 
members belonging to more than one chemical class. 

I. Basic Dyestuffs. — These are salts, usually hydrochlorides, 
but sometimes sulphates or oxalates, of dye-bases. They owe their 
basic properties to the presence in the nucleus of amido, alkylamido, 
or ammonium groups, such as — NH^, -(NOH3)2, — N(02H5)2, 
-NHO^Hs, -N(OH3)30H, etc. They dye animal fibres directly 
from a neutral bath, but possess for vegetable fibres (jute excepted) 
only a small affinity. They are therefore applied to the latter fibres 
by previously mordanting the material with tannate of antimony, 
or sometimes with tannates of tin, aluminium, or iron. This is 
effected by steeping in a tannin bath, followed by passage through 
a solution of a metallic salt such as antimony potassium tartrate. 
In calico-printing, for which dyestuffs of the " basic " class find their 
chief application, a thickened mixture of the dyestuff with tannin 
and acetic acid is printed upon the cloth, which is then steamed. 
This drives off the volatile acid, leaving the dyestuff tannate, which 
is then converted into the insoluble double tannate of dye-base 
and antimony by passage through a solution of an antimony salt. 
Other classes of dyestuffs, such as the " salt," " mordant," or 
" sulphide " colours, can, when dyed upon cotton, serve as mordants 
for " basic " dyestuffs. ■ This fact is frequently made use of in 
"topping" colours obtained with the former classes in order to 
increase their brilliancy of shade. A similar procedure is some- 
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times followed in dyeing silk, an "acid" dyestuff being applied 
first and a " basic " dyestuff afterwards. The " basic " dyestuffs 
can be applied to jute without a mordant and are used extensively 
for dyeing this material. In leather dyeing they are also 
employed. Salts of the dye-bases with the higher fatty acids, 
such as the oleates, linoleates, stearates, resinates, etc., are insoluble 
in water but dissolve in hydrocarbon solvents. They are used for 
colouring oils, candles, varnishes, etc., and in so-called " dry dyeing." 
The "basic" dyestuffs are also employed in the manufacture of 
lake pigments for wall-paper printing, etc., for which purpose 
they are usually precipitated as double tannates or phosphates 
upon a mineral substratum. They also find employment in the 
colouring of a large variety of other articles, as, for example, 
confectionery, artificial flowers, etc. 

The addition of caustic soda to a solution of a " basic " dyestuff 
usually precipitates the dye-base, but in some cases {e.g. Safranine) 
no precipitation occurs. All the "basic" dyestuffs readily form 
insoluble tannates. The production of a precipitate upon . the 
addition of a solution of tannin and sodium acetate therefore 
constitutes the best test for distinguishing the "basic" colours 
from the members of other dyeing groups. 

The " basic " dyestuffs owe their affinity for the animal fibres to the 
amido or alkylamido groups they contain, which probably enter into 
chemical combination (salt formation) with the carboxy ( — OOgH) 
groups of the wool or silk proteins. They exert their maximum 
affinity for these fibres in a neutral or slightly alkaline bath, and 
conversely the dyestuff is partly stripped again if the dyed fibre is 
boiled with a dilute acid. Loss of colour upon boiling with a 
5 per cent, solution of acetic acid therefore forms a suitable test 
for distinguishing dyestuffs of this class when fixed upon animal 
fibres. Upon vegetable fibres (cotton or linen) it is necessary 
before this test can be applied to remove the tannin mordant, 
which can be conveniently effected by boiling with dilute caustic 
soda saturated with common salt. 

II. Acid Dyestuffs. — These are salts, usually sodium salts, of 
colour-acids. They owe their acid properties to the presence in the 
nucleus of sulphonic groups ( — SO3H), carboxylic groups ( — OO^H), 
or nitronic groups ( = N02H). The large majority of such colour- 
acids contain the sulphonic group. 

The acid dyestuffs only give precipitates with mineral acids in 
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exceptional cases ; usually the free colour-acid is easily soluble in 
water, and therefore remains dissolved. The " acid " dyestuffs give 
no precipitates with tannin and sodium acetate, although certain 
of them which contain amido or alkylamido groups in addition to 
sulphonic groups (as, for example. Acid Violets, Acid Greens, etc.) 
exhibit some " residual basic " properties, so that when the sulphonic 
group is sufficiently weighted, as, for instance, by combination with 
barium, a precipitation with tannin may occur. This fact is some- 
times utilised in the production of lake-pigments from dyestuffs of 
this class. 

The "acid" dyestuffs dye wool and silk directly from an 
acidified solution. Certain of them, notably Acid Violets, Wool 
Blues, Quinoline Yellow, etc., will also dye wool to some extent 
from a neutral bath, a property which is made use of in the 
" single-bath " method of " union " dyeing. For cotton and other 
vegetable fibres they have little or no affinity. They find their 
chief application in the dyeing and printing of wool and silk, but 
are also employed to some extent for colouring cotton and jute 
when these materials are not required to be washed (bookbinding 
cloths, jute rugs, etc.). 

In the production of lake-pigments many of the " acid " dye- 
stuffs are extensively employed {e.g. Azo Scarlets, Azo Oranges, 
Eosines, etc.), for which purpose they are precipitated upon a 
mineral substratum by addition of barium chloride or lead acetate. 
Some of the newer dyestuffs of this class, which are specially 
manufactured for lake-making, are Lithol Eeds, Pigment Scarlets, 
Lake Bordeaux, Radial Yellows, Pigment Fast Yellows, etc. 

The " acid " dyestuffs owe their affinity for animal fibres to the 
sulphonic or other acid groups which they contain, and which 
doubtless enter into chemical combination (salt formation) with the 
" basic " groups of the wool or silk. For this reason the dyestuffs 
of this class are very deficient in fastness to alkalies and soap, 
which by neutralising the colour-acid loosen its attachment to the 
fibre. Loss of colour upon boiling the dyed material with 1 per 
cent, ammonia solution affords therefore a convenient means for 
recognising dyestuffs of this type. It is to be noted, however, that 
in addition to the above-mentioned typical " acid " dyestuffs, there 
exists a considerable number of colouring-matters, which from 
their method of application might be regarded as belonging to the 
" acid " class, but which possess a higher resistance to alkalies, and 
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therefore are but little stripped upon boiling with 1 per cent, 
ammonia. They are frequently termed " fast-acid " dyestuffs, and 
their greater resistance to alkalies may be referred to their 
possessing a supplementary attraction for the fibre in addition to 
that exerted by their acid groups. This may be due to the presence 
of either (a) basic groups, (6) mordant-dyeing groups, or (c) 
" direct " dyeing structure. 

(a) The influence of residual "basic" properties has been 
already mentioned, and is manifested in the greater affinity for the 
animal fibre exhibited by certain Acid Violets, Violamine B, 
Brilliant Milling Blue, etc. 

(6) Dyestuffs containing hydroxy ( — OH) groups in addition to 
sulphonic or carboxy groups, frequently possess both "acid" and 
" mordant " dyeing properties. T&ey are termed " acid-inordant " 
or " chrome " dyestufis, and occupy an intermediate position between 
the ordinary " acid " and the " mordant " colouring-matters. They 
may be applied to animal fibres either from an acidified bath like 
ordinary "acid" dyestuffs or by means of a metallic mordant (usually 
a salt of chromium or copper). In the latter case the dyed fibre 
exhibits the superior fastness to alkalies, soap, and milling which is 
characteristic of colouring-matters of the " mordant " class. During 
recent years the dyestuffs of this category have become of great 
importance for wool dyeing, as many of them are capable of 
application by the single-bath method (" metachrome " or " mono- 
chrome " process), in which the mordanting and dyeing operations 
are effected simultaneously by the addition of a chromate to the 
dye-bath. This principle has been extended even further by 
supplying to the consumer ready prepared chromium or copper 
compounds of the respective colouring-matters, which then dye like 
ordinary " acid " dyestuffs (Mercerol colours, etc.). The detection of 
the metallic mordant on fibres dyed with these products requires 
special care on account of the small quantity of the metal present. 

(c) Another category of " acid " dyeing colours also possessing 
a high degree of resistance to alkalies and milling are closely allied 
in chemical composition to the "direct" dyeing cotton dyestuffs 
(salt colours). These are the Sulphone Cyanines, Sulphone 
Azurines, Milling Eed, etc. They exhibit a certain affinity for 
cotton, though not so pronounced as that of the more typical 
" salt " dyestuffs. 

III. Salt or Direct Dyestuffs. — These are dyestuffs which dye 
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cotton and other vegetable fibres from a neutral or alkaline solu- 
tion without the application of a mordant. They dye animal fibres 
in a similar manner, and also from an acid bath. Like the " acid " 
dyestufis they consist of salts, usually sodium salts of sulphonic 
acids ; but whilst in the case of the " acid " dyestufis it is the free 
colour-acid which is taken up by the fibre, the " salt " dyestufis are 
absorbed as a whole. The cause of this " direct " affinity is not at 
present known, though it appears to be associated with a certain 
symmetry of molecular structure, and may be due to an attraction 
between the hydroxyl groups of the fibres and the azo or other 
chromophor of the dyestuffi It is noteworthy that the affinity of 
the /' salt " dyestufis for cotton is entirely lost when the hydroxyl 
groups of the latter are etherified. 

The "salt" dyestufis are mainly used in cotton dyeirig and 
printing ; also in dyeing " unions " (mixtures of cotton and wool). 
Certain of them (such as Bordeaux Extra, Fast Diamine Red, Cloth 
Brown, Sulphone Azurines, Sulphone Cyanines, etc.) are employed 
in wool dyeing, giving on this material colours of superior resist- 
ance to washing and milling. Whether dyed upon vegetable or 
animal fibres, the " salt " dyestufis always exhibit a certain 
tendency to stain white cotton when the latter is boiled with 
the dyed material in a weakly alkaline solution. This tendency, 
which may be employed as a test for dyestufis of this class, is, 
however, greatly diminished by "after-treatment" of the dyed 
material. 

A few of the "salt" dyestufis contain "mordant-dyeing" i.e. 
hydroxyl groups (e.g. Anthracene Eed, Salicine Yellow, etc.) and 
may be termed therefore "salt-mordant" colours. They are 
employed in wool dyeing with a chrome mordant. 

The "salt" dyestufis can be subdivided according to their 
chemical structure into the following categories: 

(1) Bia/mine Colov/rs, consisting of disazo and trisazo compounds 
derived from para-diamido bases (benzidine, tolidine, dianisidine, 
phenylenedianiine, naphthylene diamine, diamidodiphenylamine, 
etc.). These colours are completely reduced by zinc-dust, stannous 
chloride, titanious chloride, or hydrosulphites, to colourless amido 
compounds. They include amongst others the dyestufis of the 
Benzo, Congo, Diamine, Dianil, Oxamine, Columbia and Chloran- 
tine series. 

(2) Thiazol Colours, some of which (Primuline Yellow, Thiazol 
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Yellow, Chloramine Yellow, etc.) contain the thiazol group only, 
whilst others (Erica, Geranine, Diamine Rose, Developed Primuline 
colours, etc.) also contain an azo group. The former are but little 
affected by reducing agents, whilst the latter suffer reduction of 
the azo group, changing thereby from red to yellow. 

(3) Stilhene Colours, including Curcumine or Direct Yellow, 
Mikado Yellows and Oranges, Stilbene Yellows, etc. These 
are azo dyestuffs derived from stilbene or diphenylethylene, 
OgHg— CH = CH — OgHs. They are reduced to colourless hydrazo 
compounds which reoxidise in air to orange, and only upon long 
boiling with reducing agents are permanently decolourised. They 
exhibit a greater degree of fastness both to washing and light 
than the colours of the diamine class. 

(4) Derivatives of J-Acid. — -These are mono and disazo dye- 
stuffs obtained by coupling diazo compounds with derivatives of 
the so-called J-acid (amidonaphthol sulphonic acid 2:5:7). They 
comprise the Eosanthrenes, Benzo Fast Scarlets, Diazo Brilliant 
Scarlets, Diamine Azo Scarlets, Dianil Scarlets, Zambesi Reds, 
Dianol Fast Red and Blue, Azidine Scarlets, etc. The reds are 
distinguished from those of the diamine series (Benzopurpurines, 
etc.) by being unaffected by acids. Upon reduction they are 
completely broken up and decolourised. 

(5) Azoxyamine Colours. — These are disazo derivatives of 
metadiamidoazoxy compounds. They differ from the other members 
of the " salt " class in requiring to be applied to cotton from a 
caustic alkaline bath. They comprise the dyestuffs, St Denis Red 
or Rosophenine and Milling Scarlet. Upon cotton they are 
tolerably fast to washing and are not changed in shade by acids. 

In addition to the above classes, two natural dyestuffs, namely, 
the colouring principles of Turmeric and Annatto, dye cotton 
without a mordant. Also, as already mentioned, the sulphonic 
acids of betanaphthylated rosanilines (Titan Como, Brilliant 
Chlorazol Blues, Isamine Blue, etc.), have a certain degree of 
"direct" affinity for cotton. Some brands of these latter are 
mixtures with " salt " dyestuffs of the azo class. 

As already mentioned, the fastness of the "salt" colours to 
washing, and in some cases to light, is greatly increased by an 
"after-treatment" or chemical modification of the colouring- 
matter upon the fibre. Four different methods of "after-treat- 
ment " are in use, viz. : — (a) Boiling in a solution of a chromium 
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or copper salt or of a mixture of the two. (6) Steeping in a dilute 
solution of formaldehyde, (c) Diazotising and developing with a 
phenol, {d) Coupling with diazotised paranitraniline. 

The first method is applicable to a large number of diamine 
colours, especially the blues, browns, and blacks, which are con- 
verted thereby into their chromium or copper salts. The second 
is especially adapted to dyestuffs containing in their molecules 
resorcin or phenylenediamine residues (Vulcan Black, Benzoform 
colours, etc.), the formaldehyde presumably effecting the union of 
two molecules by introduction of a methylene (OHj) group. The 
application of the third and fourth methods will be considered 
under the heading " Developed Colours " (Class VI.). 

IV. Mordant Dyestuffs. — The " mordant " dyestuffs are a large 
and important class of products, partly of natural and partly of 
artificial origin, which are characterised by forming stable coloured 
lakes with metallic hydroxides. They owe this property to the 
presence in the molecule of one or more hydroxyl ( — OH) groups. 
These groups usually occupy by preference an ortho position to the 
chromophor (i.e. to the azo, oxazine, thiazine, ketonic, or nitroso 
group of the dyestuff); or in some cases the hydroxyl group is 
para to the latter whilst ortho to a carboxylic ( — OOOH) group. 
To the category of " mordant " dyestuffs belong most of the older 
natural colouring-matters, such as those derived from Fustic, 
Persian Berries, Logwood, Brazilwood, Cochineal, Cutch, etc. It 
alSo includes many of the fastest artificial dyestuffs. 

The various members of the group differ greatly in properties. 
Some, such as alizarine and hsematein (Logwood), have, when used 
alone, but little colouring power, and only develop their colour in 
combination with metallic mordants. Others, for example gallein, 
are strongly coloured, but when applied without a mordant have 
but little affinity for the fibre. Others again contain sulphonic 
or 6arboxylic acid groups in addition to hydroxy groups. They 
dye animal fibres- like the ordinary " acid " dyestuffs, but evince a 
much greater degree of fastness to washing, milling, and light 
when applied with a mordant ; they are termed " acid-mordant " 
colours, "chrome" colours, or "acid alizarines." In many cases 
combination with a mordant brings about a complete change of 
shade, which may depend on the metal introduced. Thus alizarine 
gives a red with aluminium and a purple with an iron mordant ; 
hsematein gives a blue with aluminium and a bluish-black with 
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chromium ; the red Chromotropes are changed to dark blue or black 
by chromium salts or chromates ; and with the same mordant the 
red Eriochrome Azurol becomes blue. 

Whilst formerly the salts of aluminium, iron, and tin were 
frequently employed as mordants, most of the modern dyestuffs 
of the " mordant " and " acid-mordant '' class are fixed by means of 
chromium. This metal, besides giving the fastest lakes, has the 
advantage of being easily applied in the form of chromate or 
bichromate. In connection with the employment of the "acid- 
mordant" colours in wool dyeing, the "single-bath" method of 
application has recently gained greatly in importance, the dyeing 
taking place in a bath containing a chromate or bichromate 
(Metachrome colours, Monochrome colours, Orthochrome colours, 
etc.). In other cases the wool is mordanted either before or after 
dyeing (see also under " acid " dyestuifs). 

Another category of " mordant " dyestuffs are those containing 
alkylamido groups ( — NR2) in addition to the hydroxy groups. 
These are chiefly employed in calico-printing for producing fast 
violet to blue shades with a chrome mordant, and may be termed 
" basic-mordant " colours (for example the Gallocyanines). They 
are distinguished by giving precipitates with tannin and sodium 
acetate, as well as with chromium fluoride. 

Still another category of "mordant" dyestuffs are related 
chemically to the "salt" dyestuffs and hence have a "direct" 
afiinity for cotton and other fibres. For this reason white cotton 
is slightly stained when boiled with the dyed material in a 
5 per cent, solution of sodium acetate. They may be termed " salt- 
Tnordant" colours, and are mainly employed for dying wool 
(Anthracene Red, Salicine Yellow, Chrome Fast Red, Salicine 
Red, etc.). 

The most important of the plain " mordant " colours (contain- 
ing no other dyeing group) are alizarine, hsematein, and Cutch. 
The first is largely used for dyeing the important Turkey Red 
upon cotton, a complex lake in which alizarine is combined 
with aluminium and calcium and also with a fatty acid. Logwood 
is now but little used for cotton, though still largely employed in 
dyeing blacks upon wool, and as a " topping " colour for Indigo 
(chromium, or copper and iron mordant). Cutch is employed for 
dyeing a fast brown upon cotton by oxidation with a bichromate 
and copper sulphate. The other natural dyestuffs having 
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"mordant" dyeing properbies, though formerly of considerable 
importance (Barwood, Brazilwood, Cochineal, etc.), have now been 
largely replaced by artificial dyestuifs, which are cheaper and 
generally faster. 

The various classes of " mordant " colours, especially when fixed 
upon chromium, exhibit great fastness to alkalies and hence to 
washing and milling, whilst their resistance to light, more 
particularly in the case of those belonging to the anthraquinone 
group, is usually good. 

The only general method available for distinguishing "mordant" 
dyestuflfs on the fibre from other alkali-fast colours consists in 
seeking the metallic hydroxide. In drawing conclusions, however, 
care must be taken to exclude other possible sources of metallic 
compounds : such as zinc or calcium chloride introduced in " finish- 
ing" ; chromium from bichromates used in "stripping" shoddy wool ; 
copper or chromium employed for fixing "salt" colours; bichro- 
mates and copper salts employed in the production of oxidation 
colours; etc. 

The "mordant" dyestuffs are for the most part not stripped 
from the wool or cotton fibre by boiling pyridine, which may 
therefore be used as a means of difierentiation or separation from 
those " vat " dyestuffs and insoluble azo compounds which dissolve 
in this solvent. 

V. Pigment Colours. — Under this heading are classed colours 
which are not obtained by dyeing with ready prepared dyestuffs, 
but are produced upon the fibre (or upon mineral substrata) by 
chemical sjoithesis. The affinity between the colour and the fibre 
is not to be attributed to chemical attractions, but is mainly due to 
the insoluble state of the coloured compound. The dyestuffs are 
therefore not stripped from the fibre upon boiling with dilute acids 
or alkalies, and are usually very fast to light. The colouring- 
matters of this category may be subdivided as follows : 

(1) Oxidation Colov/rs. — The most important of these is Aniline 
Black, produced within the cotton fibre by oxidation of salts of 
aniline by means of chlorates or bichromates in the presence of an 
oxygen carrier, e.g. a salt of copper, iron, or vanadium. These 
metals remain in part upon the fibre and hence are found in the 
ash. From the composition of the latter, conclusions may be drawn 
as to the dyeing process that has been employed. Thus the ash 
from " Prussiate " Aniline Black will contain much iron and a little 
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chromium, but no copper; that from an "aged" or "copper" 
Black much chromium and copper, but no iron ; and that from a 
" single-bath " AniHne Black much chromium, but usually no copper 
or iron. Aniline Black is largely employed both in cotton dyeing 
and calico-printing. Other colours belonging to this class are 
Paramine Brown, Fuscamine, Ursols, Furols, etc. These are pro- 
duced on the fibre by oxidation of diamines or amidophenols, and 
are employed in calico-printing and in fur dyeing. 

(2) Insoluble Azo Colours. — The most important of these are 
those produced upon cotton by padding the fibre with an alkaline 
solution of j8-naphthol, OjoHyOH, drying and passing the material 
through a solution of a diazo compound, such as diazotised para- 
nitraniline, a-naphthylamine, dianisidine, etc. ; or by printing upon 
the naphthol-prepared cloth a thickened solution of these diazo com- 
pounds. Para Red, Naphthylamine Bordeaux, Dianisidine Blue, 
Chloranisidine Pink, etc., which are produced in this way, are of 
considerable importance in calico-printing, in which they constitute 
a distinct style. There has also been recently introduced a series 
of colours of remarkable brilliancy and fastness, in which the place 
of the ;S-naphthol is taken by j8-oxynaphthoic anilide, 

I I \qq ifQQ H termed commercially " Naphthol AC." 

The azo colours formed on the fibre are insoluble in water and 
are not stripped from the fibre by boiling with dilute alkalies or 
acids. Having neutral properties and no chemical attraction for 
the fibre, they are removed by hot organic solvents such as pyridine, 
benzene or chloroform. They can also be volatilised from the fibre 
at a high temperature. The same remarks apply when these 
colours are employed in the production of pigments (Para Red, 
etc.) by precipitation on a mineral substratum. 

VI. Developed Colours. — Under this heading are conveniently 
grouped those colours which are produced upon the fibre by the 
application of the diazo reaction to colouring-matters already fixed 
upon it. 

In contrast to the colours of the preceding division, which are 
formed on the fibre by chemical synthesis from colourless com- 
ponents without affinity for it, the " developed dyes " are produced 
from compounds which are themselves dyestuffs and already in 
combination with the fibre. A more complex dyestuff is thus 
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built up from a simpler one, and the increase of molecular com- 
plexity is accompanied by an enhanced fastness to washing and 
alkalies, and usually by a considerable deepening of shade. Like 
the ordinary "salt" colours, developed colours are not removed 
from the fibre by organic solvents such as pyridine or chloroform. 
They may be subdivided into two classes: 

(1) Ingrain Colours. — These are produced by diazotisation of 
diazotisable " salt " dyestuffs on the fibre, followed by combination 
with a phenol or diamine. This process was first applied by Green 
in 1887 to the dyestufi" Primuline, and consists in passing the dyed 
material through a cold acidified bath of sodium nitrite, followed 
by a cold alkaline solution of a phenol or diamine. It was sub- 
sequently extended to a variety of " direct " dyeing azo colouring- 
matters (Diazo Blacks, Diamine Blacks, Zambesi Blues, Oxamine 
Blues, Diazo Scarlets, Diaminogens, Rosanthrenes, etc.). In the 
case of Primuline the treatment efiects a great change of colour 
(from yellow to red when developed with |8-naphthol), but in most 
other cases the shade only becomes deeper or darker, and the chief 
object of the process is to increase the fastness to washing. For a 
dyestuff to be capable of this treatment it must contain a diazotis- 
able amido group ( — NHg), and the reactions may be represented by 
the following general equations : 

(a) E,'.NH;j + HN02=B'.Na.OH + H20. 

(i) Il'.Nj.0H + E,"H,0H=Il'.N2.E,".0H+H,0. 

y8-Naphthol (OioH7.0H),resorcin(08H/OH)2),and toluylene diamine 
(07Hg(NH2)2) are the most frequently used developers. The colours 
thus produced are, like other azo dyestufis, converted upon reduc- 
tion into amido compounds. Those derived from Primuline are 
reconverted into the latter, and this not being further reducible, 
remains upon the fibre as a yellow colour which can be identified by 
its capacity for diazotisation and development. On the other hand, 
those containing azo groups alone are completely converted into 
colourless soluble products. 

(2) Gowpled Golov/rs. — These colours are produced by passing 
the dyed material through a solution of a diazo compound, usually 
diazotised paranitraniline. This process is applicable to a number 
of " salt " dyestufis of the disazo and trisazo class, which contain in 
their molecules the residues of resorcin or of metadiamines. Such 
dyestuffs are capable of combining with diazo compounds producing 
azo compounds of greater complexity, thus intensifying the shades 
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and rendering the colour faster to washing. The " coupling " process 
is mainly applied for the production (usually upon raw cotton) of 
fast browns and blacks. A variety of dyestuffs are applicable for 
this purpose, amongst which may be named Benzo Nitrol Browns, 
Toluylene Browns, Diamine Nitrasol colours, Paranil colours, 
Para colours, etc. Upon treatment with reducing agents, " coupled " 
colours, like other azo dyestuflfs, are completely broken up into 
colourless amido products. 

VII. Sulphide Dyestuffs. — This is a group of dyestuflfs of very 
complex structure which possess the property of dyeing cotton or 
other vegetable fiibres directly from a bath containing sodium sul- 
phide. They are produced by heating various intermediate com- 
pounds, mostly of the amidophenol class, with alkaline polysulphides. 
The dyestuffs in their free state are insoluble in water, but they 
dissolve in an aqueous solution of sodium sulphide, from which solu- 
tion vegetable fibres are dyed in shades of remarkable fastness to 
washing. Although their constitution is not as yet fully ascertained, 
it is tolerably certain that they owe their dyeing properties, which 
are akin to those of the " vat " dyestuffs, to the presence in the 
molecule of a chain of sulphur atoms, R.S.S.R or R.S.S.S.S.R. 
Such a compound upon reduction in an alkaline medium, e.g. with 
sodium sulphide, yields a soluble salt of the sulphydrate R.S.Na, 
or R.S.S.Na, which when taken up by the fibre regenerates the 
original insoluble dyestuff upon air oxidation. These colours 
occupy, therefore, an intermediate position between the " salt " 
dyestuffs and the "vat" dyestuflfs. 

Though possessing in common the above-described dyeing 
properties, the members do not all contain the same chromophor, 
but belong to several chemical classes. Thus the black and blue 
members contain the thiazine grouping; the purple and maroon 
members, the azine grouping ; and the yellow, orange, and brown 
members, the thiazol grouping. Others, again, are derivatives of 
anthraquinone and occupy therefore an intermediate position 
between the sulphide colours and the anthraquinone " vat " colours. 
The most important commercial " sulphide " dyestuflfs are those of 
the Immedial, Kryogene, Katigene, Thiogene, Thional, Cross-Dye, 
Sulphur, Pyrogcne, Eclipse, and Thioxine series. Of special im- 
portance are the black dyestuffs of these series, which have now 
largely replaced Aniline Black in cotton dyeing. The blue members 
compete with Indigo, whilst the browns are used for dyeing khaki 
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and cutch* shades. Upon animal fibres the sulphide colours have 
up to the present been little used. This is due to the alkalinity of 
the dyebath occasioned by the sodium sulphide, to overcome which 
several attempts have recently been made. The commercial pro- 
ducts are sold either as insoluble powders, requiring sodium sulphide 
for their solution, or in a soluble form already containing sodium 
sulphide. 

The behaviour of the dyed colours upon reduction with hydro- 
sulphites depends upon the chromophor present. Thus whilst the 
black, blue, and violet members give colourless or pale-coloured 
leuco compounds, readily reoxidised to the original colour by air, 
the yellow, orange, and brown members remain for the most part 
coloured. 

The chain of sulphur atoms, to which the sulphide dyestuffs 
owe their dyeing properties, is, somewhat unstable, and under the 
influence of strong acid reducing agents, such as stannous chloride 
and hydrochloric acid, a part of the sulphur is split oif as hydrogen 
sulphide, which can be readily detected by lead acetate paper. 
This constitutes a convenient test for dyestuffs of this class, either 
in substance or on the vegetable fibre, provided that care is taken 
to exclude other sources of hydrogen sulphide, such as protein com- 
pounds in " finishing " compositions, antichlor on bleached cotton, 
bisulphites, etc. It should also be noted that certain " salt " 
dyestuffs m^y give this reaction to some extent, apparently by 
reduction of sulphonic groups. 

The " sulphide " dyestuffs, probably on account of their high 
molecular weight, are insoluble in organic solvents, and therefore 
cannot be removed from the cotton fibre by boiling with pyridine, 
cresol, or chloroform. They do not sublime from the fibre on 
heating. 

Though tolerably fast to light, the "sulphide" dyestuffs are 
very easily attacked by hypochlorites, which even in weak solution 
quickly destroy their colour. This peculiarity may be used in 
certain cases as a means of differentiation. 

The " sulphide " colours are sometimes fixed by an after-treat- 
ment with a metallic salt, usually a salt of copper, chromium, or 
zinc. These metals therefore may be found upon the fibre in 
small quantities. 

Closely allied to the " sulphide " dyestuffs in their chemical 
composition and manner of production, though not in their appli- 
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cation, are the recently discovered Hydrone Blues and Violets, 
which are derived from carbazol. They differ from the ordinary 
" sulphide " dyestuffs in being insoluble 'in sodium sulphide, and 
are dyed from a sodium hydrosulphite solution. They are accord- 
ingly classed as " vat " dyestuffs. 

VIII. Vat Dyestuffs. — Under this heading are grouped those 
dyestuffs which, being in themselves insoluble in water, are applied 
to the fibre in the form of their soluble leuco compounds, followed 
by reoxidation by air. Indigo is the typical example of the class 
and was until recently almost the sole representative. During 
recent years, however, a large number of new members has been 
discovered by means of which almost every shade of colour can 
now be produced. These colours are remarkable for a high degree 
of fastness, not only towards alkalies, acids, and washing, but also 
for the most part to light, bleaching, and other agencies. Owing 
to the insolubility of the dyestuffs in water they are usually sold 
in the form of pastes. 

The property of dyeing " in the vat " may be referred to the 
capacity of forming leuco compounds of weakly acid properties 
which possess an attraction for .the fibre and are readily reoxidised 
by air. In the case of the " vat " colours belonging to the indigoid 
and anthraquinone classes this property is attributable to the 
presence in the molecule of^O : O groups, which by alkaline 

0<rj-.TT groups or their 

soluble alkaline salts. In the sulphide " vat " colours it is doubt- 
less due to the presence of sulphide groups which yield sulphydro 
groups by reduction. 

The " vat " dyestuffs may be subdivided according to their 
chemical structure into the three following categories: 

(1) Indigoid Vat Colours, comprising Indigo and its halogen 
derivatives, the Thioindigo series, the Helindone series, and the 
Ciba series. They are dyed from a neutral or slightly alkaline 
bath and are applicable to both animal and vegetable fibres. The 
reduction is usually effected by means of sodium hydrosulphite, 
though in the case of Indigo other reducing agents are also used 
(fermentation vat, zinc-dust vat, etc.). The indigoid " vat" colours 
are characterised by forming on reduction pale yellow leuco com- 
pounds which slowly reoxidise to the original colour on ex- 
posure to air. The dyestuffs are readily soluble in pyridine and 
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can be extracted from animal or vegetable fibres by this solvent. 
Chloroform also dissolves them to some extent. At a high 
temperature they are volatile, forming coloured vapours ; and by 
careful heating may be even sublimed from the vegetable fibre. 

(2) Anthraquinone Vat Colours, comprising the Indanthrene 
and Algol series. They also include dyestufis (Alizarine Indigos) 
which possess a structure intermediate between the indigoid and 
the anthraquinone classes ; and, further, certain sulphur derivatives 
of anthracene or anthraquinone (Indanthrene Olive, Indanthrene 
Black, Cibanone Yellow, Orange, Brown, and Black). The anthra- 
quinone " vat " dyestufFs are employed in dyeing and printing cotton 
and linen, but as they require for their reduction a strongly 
alkaline bath, they cannot be applied to animal fibres (except in 
one or two cases). Eeduction is almost always effected by means 
of sodium hydrosulphite. The leuco compounds are generally 
deeply coloured, frequently having a darker colour than the dye- 
stuffs themselves. Certain of the simpler members of the class are 
soluble in pyridine, whilst others of more complex structure are 
sparingly soluble or insoluble. The above-mentioned sulphur- 
containing members are differentiated by evolving hydrogen 
sulphide when the dyestuff or dyed material is boiled with 
stannous chloride and concentrated hydrochloric acid. With a 
few exceptions (Helindone Yellow 3G, Algol Scarlet G, Algol 
Pink R) the anthraquinone " vat " dyestuffs are not sublimable, and 
the difference in behaviour in this respect may be employed to 
distinguish them from those of the preceding class. 

(3) Sulphide Vat Colours. — This category is at present only 
represented by the Hydrone Blues and Hydrone Violet, which are 
derived from carbazol and probably contain the thiazine chromophor. 
They are closely related to the ordinary " sulphide " colours, from 
which they differ, however, in being insoluble in sodium sulphide. 
They are dyed like the preceding " vat " colours from an alkaline 
bath containing sodium hydrosulphite, but are only applicable to 
vegetable fibres. They yield on reduction nearly colourless leuco 
compounds which oxidise readily on exposure to air. They are 
not sublimable, and, like the ordinary " sulphide " colours and the 
sulphur derivatives of the anthracene class, they are not ex- 
tracted from the fibre by pyridine. They also evolve hydrogen 
sulphide when boiled with stannous chloride and hydrochloric 
acid. 
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Summary. 

Table I. facing this page gives a general survey of the organic 
dyestuiFs based upon the system of classification adopted in the pre- 
ceding chapters. The total number of individual dyestuffs now in 
commerce is very large, and space considerations therefore render 
it impossible to give more than a few examples of each division. 

It will be seen that the dyestuffs at present in use, numerous 
though they are, by no means represent all possible classes, for 
very many gaps still remain vacant. It is probable that in course 
of time many of these blanks will be filled, and doubtless also dye- 
stuffs with new chromophors discovered. It is necessary for this 
reason that our analytical schemes should be as elastic as possible 
and capable of modification or extension as need may arise. 

Some dyestuffs contain two chromophoric groupings, and thus 
are capable of being classed in more than one position : for example, 
Indoin Blue is both an azine and an azo compound ; Alizarine Orange 
is a nitro compound of the anthracene series ; Indian Yellow is a 
nitro-azo compound ; Erica and Diamine Rose contain both the azo 
and the thiazol groups ; whilst some of the anthracene " vat " colours 
contain azine or other groups -in addition to the anthracene complex. 
In a similar manner, there are dyestuffs which can be classed in 
more than one dyeing division: thus the dyestuffs of the gallo- 
cyanine series have both "mordant" and "basic'' properties; 
whilst some dyestuffs of the "salt" class have also "mordant" 
dyeing functions. 
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TABLE I.— SURVEY OF-DYESTUPP OLASSIPIOATION. 

(Only typical dyestufb given in each division). 





Basie. 


Aeid. 


Mordant. 


Salt. 


Pigment. 


Developin 


1. Nitroso. 




naphthol gebbh b. 
ihlung gbben s. 


FAST GEEBN 0. 
GAUBINES. 
DIOXINB. 
STEAM QEBBN OB 
EUSSIAN GEEBN. 


■' 


• 


f 


2. Nitro. 




FIOBIO ACID}. 
YIOrOEIA. XBLLOW. 
HAEXniS YELLOW. 
NAPHTHOL YELLOW S. 


ALIZARINE OEANGB. 




PIGMENT aHLORlNB. 
lilTHOL FAST YELLOW. 




3. Azo. 


OHTlTBOIDnnB. 
BISMAKOK BEOWN. 
NEW PHOSPHINB. 
TASmS ORANGE. 
JANUS TP,T,T«W. 
AZOPHOSPKENB. 


TASTBAZINE. 

MBTANIL YELLOX- 

OEANGB n., IV., G, ETC. 

PONOEAUX. 

BOEDEAUX. 

PAST EBD8. 

AZOFUCHSINB. 

AZO ACID BLUE. 

AZO WOOL BLUE. 

LANAOYL VIOLET AMD BLUE. 

NAPHTHOL BLACK. 

NAPHTHYLAMTNE BLAOK. 

PALATINE BLACK. 


AT.TZAETNE YELLOWS G, E, 2G, EM. 
MTT.T.TNG YELLOW 0. 
ANTHEACBNB YRT.TOW. 
DIAMOND GEEBN. 
DIAMOND BLACKS. 
ACID ALI7,AT1INB COL0UE8. 
EETOCHEOME OOLOUES. 
PALATINE CHKOME COLOUES. 
SALICINE OOLOUES. 
ANTHEAOENE CHEOMB COLOUES. 
METACHHOME COLOUES. 
MONOOHEOME COLOUES. 


BBNZO SBEIBS. 
DIAMINE SBEIBS. 
DIANIL SBEIBS. 

nXAMTNTi'. SKPTRS, 


BUTTEE YELLOW. 
SUDANS. 

oil oeangb and eed. 
pigment (jheome yellow, 
pigment oeangb and pueplb. 
autcJl beds, 
lithol fast scaelet. 
helio fast eed. 

PAEAN ITEANILINB EBDn 
DIANISmiNB BLUE / ^°'"™' 
ICE PINK I °^ 
NAPHTHOL AC COLOUESJ 


DTAMENOGBN. 
DIAZO BLAOKB I 
DIAMINE BLAOK 
COLUMBIA BLAG 


COmMBIA SBEIBS. 
CHLOEAZOL SERIES. 
TOLUYLENE SEEIES, ETC. 
BTILBENE DYESTUFFS, SOOH AS 

OHEYSOPFF.NINB, 

DIEECT YELLOW, 

MIKADO YELLOWS AND OE ANGES . 
DYESTUFFS PBOM J-AdD, SUCH A3 

BENZO FAST BED, 

BRILLIANT FAST BLUE, ETC. 


OXAMTNB BLUES 
EOSANTHEBNES 
DIAZO BETT.T.TAN 
DIAZANIL SOAET 
ZAMBESI OOLOUl 
BENZO NITBOL ( 

nUMTNTR NTTRA 
PAEANIL COLOU 
PARA COLOUES. 


i. Triphenyl- 
methane. 


MAGENTA. 
METHXL VIOLET. 
MAT.AUMITE GEEBN. 
BBTT.T.TANT GEEBN. 
UETMiL GEEBN. 
VICTOBTA BLUE. 
NIGHT BLUE. 
TUEQUOISE BLUE. 
BETOGLAUOINE. 
SETOCTANINB. 


ACm MAGENTA. 
ACID VIOLB'i'B. 
SOLUBLE BLUES. 
A LIT ALT BLUBS. 
WOOL BLUES. 
PATENT BLUES. 
EKIOGLAUOINB. 
ACID GEEENS. 
NEPTUNE GEEBN. 


UHEOME VIOLET. 
OHEOME BLUE. 
EEIOCHROME AZUEOL. 
BEIOCHKOME CYANINB. 
OHEOMOXANE COLOUES. 










5. Pyrone. 


BHODAMEfES. 
PTEONMBS. 
EHODINES. 
lEISAMINE. 


EOSINBS. 
EEYTHEOSINES. 
XilLENB BED. 
FAST ACID EOSINB. 
FAST ACID PHLOXINE. 
FAST ACID VIOLET. 
FAST ACID BLUE. 
SULPHOEHOD A MINE. 


GALLEIN. 
OOiRULEINE. 
CHEOMOEHODINE. 
ULTEATIEIDINE. 








6. AcFidine. 


PHOSPHINB. 

AOBIDINE TELLOW ABD ORANGE. 

EHBONINE. 

COEIPHOSPHINB. 

PLAYOPHOSPHINB. 

AUEOPHOSPHINE. 

EUCHEYSINE. 




■w 


1 






7. Anthracene 
orAnthra- 
quinone. 




ALIZAIUNB 8APHIE0L. 
ALT7.AETNB EMBEALDOL. 
AT.TZAETNE TRTSOL. 
ALIZAEDTB OCBLESTOL. 
AT.TZAETNE EUBINOL. 
ALTZA E.TNB DIEECT BLUB, VIOLET 

A2iD GEEBN. 
ANTHEAQUINONB BLTJE, VIOLET 

AND GEEBN. 
AdD ALIZAEINB BLUE. 


AT.TZAETTra. 
PUEPUEINBS. 

UTTZAPTWUnRAWai?. 

AT.TZAETNE OYANINES. 
ALTZAETNE BLUB. 
ANTHEACENE BLUBS. 
AT.TZAETNE VIEIDINB. 
ANTHEAGALLOL. 








8. Azine. 


SAPEANflNES. 
EHODUUNES. 
INDULINB (SPIBIT). 
MBLASINE. 
DIPHENB BLUE. 
INDOIN BLUE. 
JANUS BLUE. 


INDULINES (Watfr Sol.). 

NIGEOSINES. 

EOSINDULINBS. 

NAPHTHAZINE BLUB. 

WOOL FAST BLUE AND VIOLET. 

ACID CYANINBS. 






ANILINE BLAOK. 




9. Oxazine. 


MELDOLA'S BLUE. 

FAST BLUB. 

NILE BLUE. 

CAPBI BLUB. 

CEESTL BLUB. 

NEW METHILENB BLUE. 


4 


GALLOCYANINES. 
GALLAMTNE BLUB. 
DELPHINB BLUE. 
OELESTINB BLUB. 
PHENOCYANINES. 
ANTHEACYANINES. 




NITEOSO BLUB. 










\'^ 


10. Thiazine. 


METHYLENE BLUE. 
METHYLENE GEEBN. 

THIONINB BLUB. 

* 


THIOOARMINB. 










INDOOHBOMINE. 
GALLOTHIONINB. 




11. Thiazol. 


'I'H lOPLAVINB T OB 
BHODUHNB YELLOW. 






THIOPLAVINB S. 
CHLOEAMINB XBLLOW. 
OHLOEOPHENINB YELLOW. 
THIAZOL YELLOW. 
CLAYTON YELLOW. 
EEIOA, DIAMINE PINK. 
GEEANINB. 




PREUULINB. 

1 

1 


12. Quinoline. 


QUINOIJNB rSLLOW (SnBII). 

BESBEKINB. 

OTANINB. 

EIETL BED. 


QTHNOLINB YELLOW 0. 


. 








13. Flavone. 






YELLOW NATURAL OOLOUEING- 
MATTBES. 








14. Indigold. 




INDIGO OAEMINB. 
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(Only typical dyeetuffs given in each division). 





Salt. 


Pig'ment. 


Developing Colours. 


SUilphm*. 


Vat. 










i 




■ . '- ■ ■ ■ ■ 








UTHOL FAST TBTliOW. 




. . ■,; . 


■ . r ' ■ ■ . ,■' ' , 




,2a,Eca 

!S. 

UBS. 

)LOUBS. 


BBNZO SEBIES. 
DIAMINE SBBTES. 
DIANIL 8BBIBS. 
OXAMINE SEEEBS. 
COLUMBIA. SEBIES. 
CHLOEAZOL SBEIES. 
TOLTJYLENB SBEIES, ETC. 
STILBBNB DTSarV If ifti, OTCH AS 

OHRTSOPHENINB, 

DTRBOT YELLOW, 


BU'iTEE TBLLOW. 

SUDANS. 

OIL OEANOB AND BED. 

PIGMENT OHBOME TBLLOW. 

ttGMENT OBAHGB AMD PUEPLB. 

AUTdL BEDS. 

LITMOL FAST SOAELBT. 

HELIO FAST BED. 

PAEANITEANIUNB EBD-i „ 

DIANISIDINB BLUB / ^^ 

ICE pink; I "" 

NAPHTHOL AC COLOUBS^ 


DIAMINOGEB'. 

DIAZO BLACBB AHD BLUBS. 

DIAMINB BIUOES BO, BE, EIO. 

COLUMBIA ijiAOK B AHD B. 

OXAMINE BJiUBS ABD BLACK. 

EOSAHTHK^BS. 

DIAZO BEnilANT SOABLBT. 

DIAZAHriL SOABLBT. 

ZAMBESI OOLOUBS. 

BENZO NITBOL COLOUBS. 

DIAMINB NITEAZOL OOLOUBS. 

PABANIL COLOITES. 

PAEA COLOUBS. 




• 






DYESTUFFS FBOM J-Anrn, SDCH AS 
BENZO FAST BED, 
BRILLIANT FAST BLUB, BTO. 














• 








- 












! 




















• 


INDANTHRENB SBEIES. 
ALGOL SBEIES. 
OIBANONB SBEIBS. 
LEUOOL SBEIBS. 








AMLINE BLACK. 




THIOGENB PUEPLE. 
THIOGBNB VIOLET. 
THJOQENE DAEK BED. 
IMMEDIAL MAEOON. 


« 








NITEOSO BLUB. 












r 




\ 






ELITE. 






■ 


BLUB iSD BLACK SULPHTnB DYE- 
STUFFS OF IHB IMMBDTAL, KATI- 
GBNB, THIOGBNB, PYEOQBNE, 
SULEBOJE, OBOSS-DYB, KETO- 
QBNB, THIONAI, BIO., SERIES. 


HXDKONB BLUB. 
EiDEONB VIOLET. 






THIOFLAVINB S. 
nHTX>EAMlilE TBLLOW. 
CIHLOEOPHENINB TBLLOW. 
THIAZOL TBLLOW. 
CLAYTON TBLLOW. 
EBIOA, DIAMINB PINK. 
GEEAJMNE. 




PETMULINI 


1 


IMMEDIAL XBLLOW. 
THIOGBNB TBLLOW. 
PTEOQBNB TBLLOW. 
KETOGBNB TBLLOW. 
BOIJPSB YJSLLOW. 












' )■ 




• 




OTJBINQ- 










. 


* 












-■ 


nroiGK). 

BBOHIHDIQOS. 

TtTtTT.T.TAiaT INDKIOS. 

(TTBA BBBIBS. 
THIOINDIGO BBBIES. 
HBUNDOITB SBIUBS. 





CHAPTER IV. 

THE ANALYSIS OF COLOURING-MATTERS 
IN SUBSTANCE. 

With the continual progress in the synthetic colour industry 
and the rapid increase in the number of dyestuffs in use, the 
existence of reliable methods of analysis is of growing importance. 
It is, for example, essential for the dyer, calico printer, pigment 
manufacturer, or other user of dyestuffs, to be able to ascertain 
whether certain products supplied by one firm are or are not 
identical with products sold under a different name by another. 
Mere similarity of shade and correspondence in method of 
application do not suffice alone to establish equivalency. It is of 
equal importance to know that the competing articles are 
chemically identical, or at least that they belong to the same 
chemical class ; for upon the chemical constitution of the dyestuff 
rests its degree of fastness and other important properties, which 
determine its suitability for the purpose in view. The neglect to 
chemically control the dyestuffs used, and hence the frequent sub- 
stitution of one dyestuff by another of similar shade but of 
different chemical structure, is the chief cause of irregularity and 
faults in manufactured articles, and of failures to comply with 
established standards. 

Similar analytical problems are also encountered by the public 
analyst, who may be called upon to ascertain the identity of a 
dyestuff used for colouring articles of food, or the chemical con- 
stitution of a colouring-matter for Customs purposes. 

The daily appearance of new products and the new names 
which are frequently given to old ones render these problems 
increasingly difficult. When, for example, the only known blue 
dyestuffs were Indigo, Aniline Blue, and Methylene Blue, it was 
a simple enough procedure to decide the identity of a given dye- 
stuff of this shade. At the present time, with over two hundred 
blue dyestuffs on the market, circumstances are completely changed, 
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and only a systematic method of analysis based upon chemical 
classification will suffice. 

The first proposal for a definite scheme of analysis was 
made by Witt in 1886,^ who gave the individual reactions for 
the colouring - matters then upon the market, and proposed to 
separate them into groups by their shade, solubility, and behaviour 
with caustic soda. A more systematic method was published by 
Weingartner in the following year.^ This depended upon the 
classification of colouring-matters as "acid" and~" basic" according 
as they were precipitated or not by a solution of tannin, and further 
subdivision by their behaviour upon reduction with zinc-dust. 

Faults in the analytical tables of Weingartner and the appear- 
ance of new groups of dyestuffs led the author in 1893 to advance 
a more comprehensive scheme of analysis.* Whilst retaining 
Weingartner's system as a foundation, he added additional 
differentiations which enabled the dyestuffs to be readily divided 
into chemical classes, thus placing the analysis upon a sure 
scientific foundation. The general principles of this system are 
exhibited as follows in Table II. : — 



TABLE II. 



Decolourised by Zinc-dust. 


Unaltered by 
zinc-dust or 

only reduced 
slowly and 
partially. 


Not de- 
colourised by 
zinc-dust, 
but changed 

in shade 
completely. 


Colour restored 

on exposure 

to air. 


Colour not 

restored by air, 

but returns 

on treatment 

with oxidising 

agents. 


Colour not 

restored either 

by air or 

oxidising 

agents. 


AZINE3, 

OXAZINES, 

THIAZINES, 

INDIGOIDS, 

PYRONBS 

(VIOLET and 

SLUE), 
ACRIDINES. 


TEIPHENYL- 
METHANB DYES, 
PYilONES (RED). 


NITRO, 

NITROSO, AHD 

AZO DYES. 


QUINOLINES, 
THIAZOLS. 


ANTHRACENE 
DYES. 



An alternative scheme, also based upon differences of behaviour 
towards reducing and oxidising agents, was advanced later by 

1 Witt, Chem. Industrie, 9, 1. 

2 "Weingartner, Chem. Zeit, 1887, pp. 135, 165. 

3 Green, J. Soc. Chem. Ind., 1893, p. 3. 
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Kota.^ In the latter scheme stannous chloride and ferric chloride 
constitute the group reagents ; but although useful in certain cases 
it does not appear to be as reliable as the Green- Weingartner system. 

The above methods of analysis have been further supplemented 
in recent years .by the valuable study of the absorption spectra 
of dyestuffs made by Formdnek,^ which is at present being 
continued in co-operation with Grandmougin.^ Porai-Koschitz 
and Auschkap have also applied the spectroscopic method to 
the examination of dyestuffs upon the fibre.* 

The method for the analysis of dyestufis in substance, which 
forms the subject of the present chapter, is based upon the Green- 
Weingartner scheme of 1893, which, with the assistance of 
A. E. Woodhead, has been remodelled to meet the present-day 
requirements. Since the publication of the original scheme an 
enormous number of new dyestuffs, and even a few entirely new 
classes, as, for example, the sulphide colours and the anthracene 
vat colours, have appeared in commerce. Other classes, such as 
the indigoid, formerly consisting of only one or two representatives, 
have been largely extended so that these classes now embrace a 
large range of dyestuffs of almost all shades. To meet these 
changes it has been found necessary largely to recast the form 
of the original tables, although the same general principles are 
still retained. In the first place, the dyestuffs are grouped by 
means of their dyeing properties and solubility under four main 
headings, namely: — 

I. Basic dyestuffs and Basic-mordant dyestuffs (precipitated 
by tannin). 
II. Salt and Soluble Sulphide dyestuffs (not precipitated by 
tannin but dyeing unmordanted cotton). 

III. Acid and Acid-mordant dyestuffs (not precipitated by 

tannin and without affinity for unmordanted cotton). 

IV. Insoluble Sulphide, Mordant, Pigment, Spirit, and Vat 

dyestuffs (insoluble in water). 

' Rota, Chem. Zdl., 1898, p. 437. 

2 Formdnek, SpeJctralanalytischer Nachueis Mnstlicher organischen Farhsloffe, 
2 Aufl., 1908. * 

2 Grandmougin, Untersuchung und Nachweis organischer Farbstoffe auf spektro- 
scopischem Wege, 1911. 

* Porai-Koschitz and Auschkap, " Spektrophotometiisohe Bestimmung der 
Farbstoffe auf der Faser," Zeit. f. Farhen-Indvstrie, 10, 293, 321, 342. 
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The further separation of the components of each of these four 
main groups is effected, as in the original tables, by making use of 
their behaviour upon reduction and reoxidation. Instead, however, 
of the zinc-dust and hydrochloric acid or zinc-dust and ammonia 
reagents formerly used, zinc-dust with acetic acid is employed ; and 
in place of chromic acid, a very dilute acidiiied solution of potassium 
permanganate. By these means greater certainty in the indications 
is secured. In order to distinguish the soluble " sulphide " dyestuffs 
from the " salt " dyestuffs in Group II., and the insoluble " sulphide " 
dyestuffs from the insoluble " mordant " dyestuffs in Group IV., the 
evolution of hydrogen sulphide upon boiling these colours with 
stannous chloride is made use of. The same test is employed to 
distinguish the " vat " colours of the sulphur class from those of 
the indigoid and anthracene classes, whilst the two latter divisions 
are differentiated from each other by the colours of their leuco 
compounds, those of the former being pale yellow, those of the 
latter dark coloured. The greatest extensions are necessitated in 
Group IV., which comprises the dyestuffs insoluble in water, 
since in this table must be included a large body of newly dis- 
covered dyestuffs belonging to the " sulphide " and " vat " classes, 
together with a considerable number of insoluble azo colours 
employed in the pigment industry. 

Unfortunately it is an unavoidable result of the intense activity 
in dyestuff manufacture which has characterised recent years, that 
the analytical tables, which were formerly comparatively simple, 
now contain a large number of members in every division. At 
the same time a considerable proportion of the names under 
which dyestuffs appear are synonyms only, and thus the number 
of individuals is not as great as would appear. Whilst an endeavour 
has been made to enumerate the most important individual dyestuffs 
in each category, and even to give as far as possible synonymous 
designations, it is clear that space will not allow of the insertion 
of a complete list. 

Although in many cases the further subdivision of the members 
of a division may be effected by the application of individual 
reactions, the insertion of these tests would have rendered the 
tables far too unwieldy. Moreover, with the changing state of the 
industry a complete differentiation into individual products in all 
cases is " a counsel of perfection " almost impossible to realise. All 
that can be reasonably expected of a scheme of analysis is that 
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it should render a correct account of the dyeing and chemical 
relationships of the dyestuffs, and indicate in what direction the 
equivalent or identical products may be sought. 

For distinguishing between the individual dyestuffs falling 
into any particular division, the reactions towards concentrated 
sulphuric acid, caustic soda, etc., as given in the new edition of 
Schultz's tables,^ are of great service. Considerable assistance may 
be also derived from a spectroscopic examination of the product 
carried out in different solvents in the manner described by 
Formdnek,^ the results obtained being compared with the tables of 
absorption spectra published by the latter author and by Grand- 
mougin. As a final resort, when the complete identification of the 
individual dyestuff is sought, the product should be dyed quantita- 
tively upon wool or cotton side by side with the dyestuff with 
which it is believed to correspond, and a comparison made between 
the patterns in regard to shade and behaviour with reagents. The 
complete elucidation of the constitution of an azo dyestuff may be 
effected by submitting it to reduction or oxidation and isolating 
its cleavage products (see Chapter IX.). Such a complete examina- 
tion is, however, as a rule unnecessary ; it is usually sufficient for 
practical purposes to know the class to which the dyestuff 
belongs. 

An obvious alternative to testing dyestuffs in substance con- 
sists in dyeing them upon wool or cotton and then proceeding 
with the identification on the fibre in accordance with the 
methods described in Chapters V. and VI. This procedure is 
often conveniently employed as a confirmatory or additional 
method of analysis. 

Reagents. — In carrying out the described scheme the following 
reagents are employed. It is important that they should be used 
of the strength indicated. 

Tannin Reagent. — Solution -of 10 grams of tannin and 10 grams 
of sodium acetate in 200 c.c. of water. 

Zinc-dust. — This must not have been kept too long. 

Acid Stannous Chloride. — Solution of 100 grams of stannous 
chloride in 100 c.c. of pure concentrated hydrochloric acid and 
50 c.c. of water. 



1 Schultz, Farbstofftabellen, 5 Aufl., 1914. 
' Formdnek, loc. cit. 
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Lead Acetate. — A 5 per cent, solution in water. 

Acid Permanganate. — A solution of 1 gram of potassium per- 
manganate and 2 grams concentrated sulphuric acid in 1000 c.c. 
of water. 

Chromium Fluoride Reagent. — A solution of 10 grams chromium 
fluoride and 5 grams sodium acetate in 100 c.c. of water. 

Alcohol (95 per cent). — Ordinary strong alcohol or methylated 
spirit. 

Caustic Soda (5 per cent). — Solution of 5 grams stick caustic 
soda in 100 c.c. of water. 

Caustic Soda (1 per cent). — The preceding solution diluted five 
times. 

Acetic Acid. — 5 c.c. of -glacial acetic acid to 95 c.c. of water. 

Dilute Formic Acid (1 : 100). — 1 c.c. of 90 per cent, formic acid 
to 100 c.c. of water. 

Dilute Hydrochloric Acid. — 5 c.c. concentrated hydrochloric 
acid to 100 c.c. of water. 

Dilute Am,7nonia (1 : 100). — 1 c.c. concentrated ammonia diluted 
with 100 c.c. of water. 

Aqueous Alcoholic Aminonia. — 1 c.c. concentrated ammonia 
mixed with 50 c.c. of water and 50 c.c. of alcohol. 

Cotton and Wool. — Small pieces about f to 1 inch square (20 
to 26 mm. square) of white mercerised cotton and of white woollen 
cloth (plain and chromed). The chromed wool is prepared by 
boiling for an hour with 3 per cent, of sodium or potassium 
bichromate. 

Procedure. — Division into Tables. — This is effected by ascer- 
taining the solubility of the dyestuff in water and its behaviour 
towards tannin reagent and with unmordanted cotton. Solubility 
is to be defined as complete or almost complete solution in boiling 
water. The tests with tannin and with cotton are carried out with 
a solution containing approximately 1 part of dyestuff in from 100 
to 200 parts of water. A similar solution is used for the reduction 
tests. In performing the cotton test a small piece of white 
mercerised cotton, about f inch square, is boiled in a test-tube for 
half a minute with the dyestuff solution. The cotton is then 
removed and boiled for one minute with dilute ammonia (1 : 100). 
The latter treatment is necessary in order to remove any stain 
upon the cotton which might be produced by " acid " dyestuffs. 
In reference to this test it should be borne in mind that the dis- 
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tinction between "salt" and "acid" dyes is not an absolute one, 
since some products usually regarded as "acid" dyestuffs have 
a weak affinity for cotton. 

Preliminary Tests. — Before proceeding to further differentia- 
tion, it is advisable to test the dyestuflf for metallic compounds 
by ignition, flame reactions, borax beads, etc. In the case of a 
soluble dyestuff, chromium and copper in particular should be 
looked for, and their presence would suggest an "acid-mordant" 
dyestuif in association or combination with a mordant. Dyestufis 
of this type are represented, for example, by the Erganone series, 
the Mercerol series, the Phenochrome colours, and by Fast Acid 
Red RH, Fast Acid Bordeaux BH, and Erio Fast Blue SWR. The 
presence of a considerable quantity of mineral matter, especially 
compounds of barium, calcium, aluminium, or lead, associated with 
an insoluble dyestufl" would indicate a lake pigment. In such cases 
the examination should be conducted in accordance with the methods 
described in Chapter VIII. 

Differentiation by Reduction and Oxidation. — The reduction 
with zinc-dust requires to be performed with some care. It is 
usually best to add a little zinc-dust, sufficient to cover the tip of 
a penknife, to the hot solution of the colouring-matter contained 
in a test-tube ; agitate, and then add a few drops of acetic acid (5 
per cent.) until decolourisation occurs. In the case of some " basic " 
colouring matter a deficiency of acetic acid may lead to precipita- 
tion of the leuco base, and consequent failure of the subsequent 
reoxidation. The solution when reduced is poured off from 
the greater part of the zinc-dust on to a piece of white filter- 
paper and exposed to air; filtration is unnecessary, as a little 
zinc-dust upon the paper has no injurious effect. If the colour 
does not return in a minute or two, the paper is touched with a 
glass rod dipped in the acid permanganate solution. Warming 
gently over a flame facilitates the oxidation. In the case of red 
" acid " colouring-matters, the paper, after spotting with perman- 
ganate, should be held over a bottle of strong ammonia, for a few 
" acid " colouring-matters (e.g. the Eosines) do not show their true 
colour whilst acid. Moreover, in the case of Eosines containing 
iodine a brown spot of the latter may be formed with perman- 
ganate, but this disappears on exposure to ammonia vapour, 
leaving the correct colour of the dyestuff. 

Great care must be taken that one is not led astray by secondary 



48 ANALYSIS OF DYESTUFFS. 

colourations produced by the oxidation of the diamines and amido- 
phenols obtained upon reduction of azo colouring-matters. 

Distinction between Acid and Acid - mordant Dyestujjfs.- - 
Chromed and unchromed pieces of wool (about 1 inch square) are 
well wetted out and are placed in a large test-tube with a small 
amount of the dyestuif solution, together with water and one or 
two drops of dilute formic acid (1 : 100). The test-tube is heated 
to boiling, and then immersed in a beaker of boiling water for a 
quarter of an hour in order to enable the mordant to completely 
fix the dyestuff. The patterns are then boiled with dilute ammonia 
(1 : 100), and the degree of stripping observed by the loss of colour 
which the pattern undergoes. In the case of black dyestuffs, 
aqueous alcoholic ammonia should be substituted for the aqueous 
ammonia. 

Distinction between Basic and Basic-mordant Dyestuffs. — The 
mordant dyestuffs of the oxazine class, since they also contain 
basic groups, are precipitated by tannin and hence fall into 
Table IV. In order to distinguish them from the true "basic" 
dyestuffs, their behaviour towards chromium salts, e.g. a solution 
of chromium fluoride and sodium acetate, is made use of. With 
this reagent only those basic dyestuffs give precipitates which 
contain mordant-dyeing (hydroxyl) groups. 

Test for Sulphide Dyestuj^s 'and Sulphur Vat Colours. — A 
small quantity of the solid dyestuff is placed in a test-tube and 
covered with acid stannous chloride solution. The mouth of the 
test-tube is closed by a cap of filter-paper closely wrapped round 
it, and into the centre of this is placed, by means of a glass rod, one 
drop of lead acetate solution. The contents of the test-tube are 
slowly heated just to boiling, when a blackish-brown stain of lead 
sulphide appears. The brown spot will again disappear upon 
boiling the solution longer, owing to the decomposition of the lead 
sulphide by the hydrochloric acid evolved. The test requires some 
practice, as small quantities of hydrogen sulphide may be Evolved 
from other sources (impurities in the dyestuffs, etc.). It should 
be noted that it is not sufficient to obtain a yellow or pale brown 
spot; only a deep brown of almost black and iridescent appearance 
can be regarded as a positive indication. 

Differentiation by Colour. — The colour designations heading 
certain columns in the tables are to be taken to mean the shade 
of the dyestuff in aqueous solution. This is frequently not the 
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same as the dyed shade, from which the dyestuiF receives its 
■ name. Thus, for example, several brands of greens and blues 
of the " acid-mordant '' class are to be found in Table VI. in the 
column headed "Violet," this being the colour of their aqueous 
solutions. 

Reduction Test for Vat Dyestuffs. — A small quantity of the 
powder sufficient to cover the tip of a penknife, or the equivalent 
amount of a paste, is placed in a test-tube together with a little 
1 per cent, caustic soda solution and as much solid sodium hydro- 
sulphite BASF as of powder. The mixture is warmed to about 
80° for five or ten minutes. Vat dyestuffs are dissolved and the 
colour of the solution is an indication of the constitution, those 
of the indigoid class giving pale yellowish solutions, whilst those 
of the anthracene class give more or less deeply coloured solutions. 
As confirmatory tests it may be mentioned that nearly all the 
dyestuffs of the indigoid class, and also some of the anthracene 
class, are soluble in boiling benzene ; and that the indigoid colours 
sublime on heating, forming coloured vapours, whilst the vat 
colours of the anthracene class, with a few exceptions, do not. 
The vat dyestuffs of the sulphur class are insoluble in benzene 
and do not sublime on heating. 

Identification of Bisulphite Gompov/nds. — Certain insoluble 
mordant dyestuffs are rendered soluble in water by combination 
with sodium bisulphite, for example the S marks of Alizarine 
Blue, Alizarine Green, Alizarine Black, and Coeruline. They are 
distinguished from ordinary " acid-mordant " dyestuffs (sulphonic 
acids) by the evolution of sulphurous acid upon boiling with 
dilute hydrochloric acid. Upon reduction with acid stannous 
chloride these compounds evolve hydrogen sulphide, and hence 
might be confused with sulphide dyestuffs. 

Detection of Halogens. — The presence of halogens in the nucleus 
of organic dyestuffs, for example bromine in Ciba Blue and in 
Eosine, and iodine in Rose Bengal, may be detected by heating 
the dyesfcuff with concentrated sulphuric acid and manganese 
dioxide. 

Distinction between Sulphonated and Unsulphonated {Phenolic) 
Acid Dyestuffs. — This is effected by shaking the acidified solution 
with ether, in which only the dyestuffs of the latter type (for 
example the Epsines) are soluble. 

Mixtures. — A considerable proportion of the dyestuff brands 

4 
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occurring in commerce are mixtures of two or more products. 
When one of these products is present in small quantity only, 
being added by way of a shading constituent, the reactions of the 
main product may not be appreciably obscured. Also in the very 
frequent cases in which the mixed dyestuffs belong to the same 
chemical class, no difficulty in ascertaining this class will be 
presented. If, however, the mixture consists of products belonging 
to different classes, a separation of the constituents should be 
attempted. The following methods are available for the recognition 
of mixtures, and in some cases for their separation. 

SprinJding Test. — (1) A little of the solid dyestuff held upon 
the tip of a penknife or on a small card is blown suddenly over 
a piece of wet filter-paper placed in front. Upon examining the 
paper, streaks of varying hue will be discerned if the product is 
a mixture of dyestuffs differing considerably in shade. If the 
result is negative the experiment should be repeated with filter- 
paper moistened with alcohol instead of with water. (2) A very little 
of the powder is lightly dusted over the surface of concentrated 
sulphuric acid contained in a clean white porcelain dish, and the 
colour of the separate dissolving particles is carefully noted. 
Owing to the fact that many dyestuffs dissolve in concentrated 
sulphuric acid with very characteristic colours, which are often 
quite different from that of their aqueous or alcoholic solutions, 
mixtures may be frequently detected which are unrecognisable by 
sprinkling on paper. For example, a mixture of a Xylidine Scarlet 
with a Crocein Scarlet could be readily detected owing to the fact 
that the first dissolves in concentrated sulphuric acid with a red 
colour, the latter with a blue colour; although in water they have 
nearly the same shade. 

Capillcurity Test. — The extent to which dyestuffs diffuse upon 
filter -paper varies considerably, and upon these differences 
Goppelsroeder has based a method of distinction and separation 
which is of frequent service. The solution of the mixed dyestuffs 
is allowed to drop from a pipette upon thick filter-paper, when 
the formation of two or more coloured zones may often be observed. 
These zones can be further separated by subsequently allowing 
one or two drops of distilled water to fall into the centre of the 
spot. After drying, each zone is cut out and extracted with water. 
Another method consists in allowing strips of filter-paper to hang 
over glass rods with their lower ends dipping into the dye solution, 
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the whole being covered with a glass bell-jar. The constituent 
dyestuffs then rise by capillary attraction to varying heights upon 
the paper strips. 

Separation by Solvents. — Use can be often made of differences 
in solubility in the constituents of a mixture towards various 
organic solvents, such as alcohol, amyl alcohol, chloroform, ether, 
benzene, etc. The substance may either be extracted in the solid 
state, e.g. with alcohol, or the aqueous solution may be shaken out 
with an immiscible solvent. For example, a mixture of soluble 
Nigrosine and Metanil Yellow (used for colouring boot-creams) is 
readily separated by extracting the powdered dyestuff with 95 per 
cent, alcohol, which dissolves the Yellow and leaves the Nigrosine. 
In extractions from the aqueous solution with a solvent such as 
ether (a method recommended by Eota) the state of acidity or 
alkalinity of the solution may be employed as a basis of separation. 
Thus phenolic dyestuffs (Eosines, Martius Yellow, etc.) are extracted 
from an acidified solution, " basic " dyestuffs from an alkaline solu- 
tion, " acid " dyestuffs containing sulphonic groups usually not at 
all. Again, owing to the varying facility with which the free 
bases are liberated from their salts, a separation can be effected, for 
example, of a mixture of the three " basic " dyestuffs Rhodamine, 
Magenta, and Safranine. Upon shaking the aqueous solution of 
this mixture with ether, the Rhodamine base is extracted (giving 
a colourless ethereal solution). On then adding ammonia and 
extracting again, the Magenta base is taken up. Finally, the 
residual aqueous solution gives up the Safranine base to ether 
after addition of caustic soda. 

Separation by Dyeing. — The separation of "acid" dyestuffs 
can frequently be effected by fractional dyeing upon wool or silk 
from the aqueous solution acidified with acetic or formic acid. 
A large number of small pieces of wool are dyed in succession 
from the solution until the colour is exhausted. All those 
patterns which have the same shade, are extracted together by 
boiling dilute ammonia (1 : 100); the solution so obtained is again 
dyed upon wool and the operation repeated. The extraction is 
also carried out fractionally, the residual colour being separately 
extracted and redyed. 

Separation by Adsorption. — It has long been known that 
materials such as kaolin, kieselguhr, asbestos, etc., exert an 
affinity for certain colouring-matters. Upon this fact Chapman 
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and Siebold^ have based a method of separation. The dyestuff 
solution, about 1 gram per 1000 c.c, is shaken with kaolin (china 
clay), using 5 grams of the latter to 20 c.c. of the solution, and the 
mixture is then filtered upon a Buchner funnel. The behaviour of 
some typical dyestuffs is given in Table III. 

TABLE III. 





Partially taken up 




Precipitated 
on the kaolin. 


by the kaolin, but 

in part redissolved 

on washing 

with water. 


Not precipitated. 






ACID MAGENTA, 


CONGO EED, 




EOSINE, 


SATRANINE, 




ERYTHROSINE, 


MAGENTA, 




FLUORESCEIN, 


NEUTRAL RED, 




.METHYL ORANGE, 


MALACHITE GREEN, 


ACID GREEN, 


ORANGE 11., 


BRILLIANT GREEN, 


PATENT BLUB, 


ORANGE IV., 


METHYLENE BLUB, 


SOLUBLE BLUE. 


PONCEAU 4R, 


BISMARCK BROWN, 




BORDEAUX R, 


CRYSTAL VIOLET, 




TARTRAZINB, 


METHYL VIOLET, 




NAPHTHOL YELLOW, 


AURAMINE. 




NAPHTHOL GREEN, 
INDIGO CARMINE. 



Detection of Artificial Dyestuffs in Articles of Food. 

At the present time artificial dyestuffs are very largely used for 
the colouring of various dietic products, such as jams, jellies, fruit 
syrups, beer, liqueurs, lemonade, confectionery, cakes, milk, butter, 
margarine, cream, cheese, macaroni, dried fish, sausages, etc. Whilst 
in some countries, as, for example, the United States, only an 
approved list of selected dyestufis is permitted, in other countries 
certain specified dyestuffs alone are forbidden, and in others, again, 
there is no legal restriction. Expert opinions differ widely as to 
how far artificial dj^estuffs are injurious to health, and even as to 
which dyestuffs are objectionable.^ Experiments seem to show, 
however, that only those dyestuffs which are basic in character 
(such as Safranine), and those containing nitro groups, can be 



• Chapman and Siebold, Analyst, 1912, p. 339. 

^ Hesse, Coal-tar Colours used in Food Products (Bull. U.S. Department of 
Agriculture, No. 147, 1912). 
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regarded as definitely toxic, whilst the introduction of sulphonic 
groups mainly or entirely removes this toxicity. It may therefore 
be safely asserted that "acid" dyestufFs containing sulphonic groups, 
with few if any exceptions, are harmless for dietic purposes when 
used in the small quantities required. It is, however, desirable that 
dyestuifs employed for colouring food should be free from mineral 
impurities such as lead and arsenic, which are occasionally found in 
considerable quantities in commercial dyestuffs. 

The investigation of dyestuffs present in articles of diet is best 
effected by transferring the dye to white wool, which in the case of 
" acid " dyestuffs (with which one is mainly concerned) can usually 
be readily effected. Employing the procedure of Sestegni and 
Carpentierii the operation is conducted as follows: — 100 c.c. of 
the coloured liquid (alcohol if present having been boiled off), or 50 
grams of the solid or semi-solid material mixed with an equal weight 
of water, is acidified with I c.c. of concentrated hydrochloiic acid and 
gently boiled for five or ten minutes with a small piece of white 
woollen cloth. The wool is rinsed in water and (in order to 
remove vegetable colours) is warmed for a few minutes with very 
dilute hydrochloric acid. It is then boiled for two or three minutes 
with dilute ammonia (1 : 100), which extracts the " acid " dyestuff, 
leaw^ing a small amount of vegetable colour behind on the fibre. 
The coloured solution obtained is acidified with hydrochloric acid 
and boiled with a second piece of wool smaller than the first. The 
dyed wool may then be subjected to identification tests in the 
manner described in Chapter V., or the colour may be again 
stripped with ammonia and the dyestuff examined in solution. If 
the colour is still insufficiently pure, the transference to wool and 
restripping may be again repeated. 

The presence of Eosines, Phloxines, etc., in food materials, such, 
for example, as preserved cherries, may be readily ascertained by 
acidifying the material and extracting it directly with ether or 
chloroform. On evaporation of the solvent and rendering alkaline 
with ammonia the Eosine is obtained, and can be further identified 
by the usual tests and by dyeing on silk. 

Basic dyestuffs in food materials are identified by transferring 
to tannin-mordanted cotton and afterwards removing from the 
cotton by treatment with saline caustic soda in the manner described 

* Sestegni and Carpentieri, Zeitsch. Anal. Chem., 1889, 28, 639. 
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in Chapter VI. They may also be extracted from the articles with 
ether, after rendering alkaline with caustic soda. The ether 
solution is then acidified with acetic acid and evaporated to 
dryness. 

The presence of unsulphonated nitro compounds (such as Picric 
Acid, Victoria Yellow, and Martins Yellow) may be detected in dry 
materials, such as biscuits, etc., by heating the materiial with an 
iron in close contact with white paper. These dyestufFs being 
volatile will then stain the paper yellow. 
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TABLE IV.— BASIO AND BASIC-MORDANT DYESTUFFS. 
SOLUBLE in WATER. PRECIPITATED by TANNIN REAGENT. 



Reduce with zinc-dust and acetic acid. 



Red: 

Azine 
Class. 



The solution is decolourised, and the colour returns on exposure to air. 
The colour of the aqueous solution is : — 





Green : 


Orange and 


yellow : 


Thi- 


Aeridine 


azine 


Class. 


Class. 



Blue: 

Oxazine or Thiazine. 



On the addition of chromium 
fluoride reagent to a solu- 
tion of the dyestulf. 



Colour pre- 
cipitated : 
Basie- 
mordant 
Dyestuff. 



No 
precipitate : 

Basic 
Dyestuff. 



Violet : 

Oxazine or Azine. 



On the addition of chromium 
fluoride reagent to a solu- 
tion of the dyestuff. 



Colour pre- 
cipitated : 
Basie- 
mordant 
Dyestuff. 



No 
precipitate : 

Basic 
Dyestuff. 



The solution is 

decolourised, 

and a pink 

colour returns 

on exposure 

to air : 

Safranine 
Azo Class. 



The solution is decolourised, and 

the colour returns on spotting with 

acid permanganate : 

Triphenylmethane and 

Pypone Classes. 

The colour of the aqueous solution is : — 



Red. 



Green. 



Blue. 



Violet. 



The solution is decolourised, 

and the colour does not 

return either in air or with 

acid permanganate : 

Azo Class. 

The colour of the aqueous 

solution is: — 



Red. 



Orange 

and 
yellow. 



Brown. 



Colour unaltered : 
Thiazols and Ketonimides. 

On boiling with zinc-dust 
and dilute hydrochloric acid : — 



Solution is 
slowly de- 
colourised. 



Solution is slowly 

decolourised, and 

on further boiling 

becomes blue-violet. 
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ANALYSIS OF DYESTUFFS IN SUBSTANCE.] 

TABLE v.— SALT AND SULPHIDE DYESTUFFS, 
SOLUBLE in WATER. NOT PRECIPITATED by TANNIN REAGENT. DYE COTTON DIRECTLY. 

Apply stannous chloride and lead acetate test. 



A deep brown 

stain is 

produced : 

Sulphide 
Class. 



Little or no brown stain is produced : Salt Dyestuff. Reduce with zinc-dust and acetic acid. 



Colour reduces 
very slowly and 
incompletely : 

Thiazol Class. 



Decolourised. 

Colour returns 

in air : 

Stilbene Class. 



Decolourised. Colour does not return in air : AzO ClaSS. 
The colour of the aqueous solution is : — 



Black. 
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TABLE VI.— AOID AND AOID-MORDANT DYESTUFFS. 
SOLUBLE in WATER. NOT PRECIPITATED by TANNIN REAGENT. DO NOT DYE COTTON DIRECTLY. 



Reduoo with zinodust and acctio acid. 



Colour 
,. un- 
fltsrad : 
"Quln- 
oiine 
Glass. 



DeooIouTised. 

Colour raturiiB 

in air : 

Azlnes, 

Thlazlnes, 

Oxazlnes, and ' 

Pyrones. 



Deoolonrised. Colour returns on 

spotting with acid permanganate : 

TFlphenylmethane and 

Pyrone Classes. 

Acidify the aqueous solution, and 

shake with ether. 



Ether 

layer is 

coloured. 



Ether layer is colourless. 



Deoolouriseil. Colour does not return either in air or with acid permanganate : AZO ClaSS (also Nltro and NltFOSO). Boil small pieces of chromed and unohromed wool in the 

dye solution with a few drops of formic ucid (I : 100). Wash thoroughly, alld boil with ammonia (1 : 100). 



Colour strijiped from both ]iattorn8 : Acld DyestufT. 

Colour of solution is : — 



Red. 



Yellow, orange, 
or brown. 



Green. 
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Blue. 
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Violet. 



Itlack. 



Little 01 iio colour is stripped from the chromed pattern : Aeld-mOFdant DyeStufF. 

Colour of solution is : — 



Not decolourised, but changed in shade : 

Anthracene Class. 

The colour of the reduced solution is 



Bright yillow, orange, or orange-brown. 



On the addition of 

a few drops of 

dilute caustic soda 

(1 ;"aO), no change 

occurs. 
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On the addition of 
a few drops of 

dilute caustic soda 

(1 : 20), the colour 
becomes more 

intense, and bluer. 
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TABLE VIL— DYESTUFFS INSOLUBLE IN "WATER: 
SulpWde, Mordant, Pigment, Spirit Soluble, and Vat DyestuflFs. 



Add a small quantity of the dyestuff to 5 per cent, caustic soda, and warm. 



The dyestuff dissolves. Add a little zinc-dust and 
ammonia to the alkaline solution, and boil. 



Solution is decolourised, or 
changed in shade to yellow- 
brown or brown. On pouring 
on to filter- paper, original 
colour returns. Apply 
stannous chloride and lead 
acetate test. 



A brown 

stain is 

produced : 

Sulphide 
Class. 



No stain is 
produced : 

Mordant Dyes 

of the 

Anthracene, 

Pyrone, and 

Oxazine 

Classes. 
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Solution is de- 
colourised. On 
pouring on to 
filter-paper, 
original colour 
does not return : 
Mordant 
Dyes of the 

NitrOSO and 

Azo Classes. 



The dyestuff is insoluble in caustic soda. Boil with 95 per cent, alcohol. 



The dyestuff dissolves in 95 per cent. 

alcohol. Reduce the alcoholic solution 

with zinc-dust and sicetic acid. 



The dyestuff is insoluble in 95 per cent. 

alcohol. Apply stannous chloride 

and lead acetate test. 



Colour 

remains 

unchanged : 

Quinoline 
Class. 



Decolourised, 

but colour 
returns in air 
or on spotting 

with acid 
pennanganate : 

Azine and 

Triphenyl- 

methane 

Classes. 



Permanently 

decolourised : 

Nitro and 

Azo Classes. 



A brown stain 
is produced : 

Sulphur 
Vat Colours. 



Ko brown stain is produced. . 
Reduce with caustic soda 
(1 per cent.) and hydrosulphite. 
The dyestuff dissolves : 

Vat Dyestuff. 



The leuco com- 
pound is yellow 
or clear orange : 

Indigoid Class. 
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The leuco com- 
pound is dark 
coloured : 

Anthracene 

and 

Naphthacene 

Classes. 
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TABLE VIII.— YELLOW AND ORANGE COLOURS. 



Boil twice for one minute with 5 per cent, acetic acid. 



Mucli colour is stripped: Baste Dyestuff. 
Boil witli Hydrosulphite AX or B. 



Not decolourised, or only slightly altered. 
Treat Hbro with cold cone, sulphuric acid. 



Green 
fluorescent 
solution: 
Acrldtne 

Class. 



Colourless solution : 

Ketonimlde and Thiazol 

Class. Boil iU>re with 

dilute hydrochloric acid 

(1:10). 



Fibre 


nbre 


and 


and 


solution 


solution 


colour- 


pale 


less. 


yellow. 



Fibre 

and 

solution 

'orauge. 



De- 
colourised. 
Colour 
is not 
restored 
either 
by air 
or by 
persulphate : 
Azo 
Class. 
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Little or no colour is stripped : Add, Vat, Mopdant, or Salt Dyestuff. Boil twice for one minute with dilute ammonia (1 : 100) and a piece of white cotton. Keep tlie aramonlacal extract. 



Much colour is stripped, but cotton remains white : Acid DyestuiT. 
BoU with Hydrosulphite AX or B. 



Colour 

unaffected : 

Quinollne 

or 

Pyrone 

Class. 
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Decolourised. Colour is not restored either by air or by 

persulphate : Azo or Nitre Class. 

Add excess of cone. hydroclUoric acid to the 

ammonlacal extract. 



Colour 
unaffected. 



Solution 
becomes 

colourless 
or very 

paleyellow, 



Solution 

becomes 

red 

or 

orange-red. 



Solution 

becomes 

violet 

or 

violet-red. 



Mttle or no colour la stripped : Vat, MoPdant, or Salt Dyestuff. Boil with Hydrosulphite AX or B. 



Colour unaffected, 

or only slightly changed in shade. 

Test for a mordant. 



Mordant 
present : 
Flavone 

Ketone 
Class. 



Mordant absent ; 

Thiazol Salt 

Dyestuff. 

Confli-m by boiling 

with 5 per cent. 

sodium acetate 

and H piece of 

white cotton. 

The latter is stained. 



Decolourised. Colour returns 

on exposure to air, or more 

quiclcly on oxidation with 

persulphate. BoU with 

5 per cent, sodium acetate 

and a piece of white cotton 

lor two minutes. 



Cotton 

remains 

white : 

Indlgold 

Vat 
Dyestuff. 
Conflrm by 
extraction 

with 
aniline and 
sublima- 
tion test. 
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Cotton is 
stained : 

Salt 

Dyestuff 

Stllbene 

Class. 



Decolourised. Colour is not restored either by air ur 

by persulphate : Azo Class. Test tor a 

mordant (Cr). 



Mordaut present. Boll with 

6 per cent, sodium acetate and 

a piece of white cotton 

for two minutes. 



Cotton remains 

white : 

Acld-mopdant 

Dyestuff. 



Cotton Is 

stained : 

Salt- 

mopdant 

Dyestuff. 



Mordant 

absent : 

Azo Salt 

Dyestuff, 

Confirm by 

boiling with 

6 per cent. 

sodium acetate 

and a piece of 

white cotton. 

Stained. 



Colour 
changed 

to 
- yellow- 
brown 

or 

brown ; 

Alizarine 

Class. 
A mordant 
is present. 
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CHAPTER V. 

THE IDENTIFICATION OF DYESTUFFS ON 
ANIMAL FIBRES. 

The ready identification, by an examination of a textile material, 
of the dyestuff or dyestuffs with which it has been dyed or printed 
is a problem which at the present day. is associated with great 
difficulties. Twenty-five or thirty years ago the number of dye- 
stufis was so small that their identification by an expert was a 
simple enough matter, for the shade alone would usually give a 
sufficient indication. With the enormous increase both in individual 
colouring-matters and in new groups of colouring-matters, their 
detection has been rendered both more necessary and greatly 
more difficult, since it is now possible to produce any shade in a 
large variety of ways. The fact that the fastness of such a shade 
for the purpose in view will depend upon a suitable choice of the 
dyestuff or dyestufis renders it particularly important for the 
dyer, in matching a sample submitted, to be able not' only to match 
the shade, but, if necessary, to select the same or similar dyestuifs. 
It is also a desideratum for the merchant to be able to ascertain 
whether the colour of the material dyed for liim is always of 
constant composition, whether the shade dyed by one firm is or is 
not a chemical match for that dyed by another, and other similar 
problems. Although an extensive series of tables have been 
published by Schultz, Lange, Knecht and Lowenthal, Rawson, 
Lunge, Gnehm, Heermann, and others, giving the reactions towards 
acids, alkalies, etc., of the individual dyestufis on the fibre, there is 
yet required a systeinatic analytical scheme without which such 
tables are of little use. A scheme of this kind should be capable 
of referring the dyestuff" to its chemical group ; after which the 
particular brand may, if nefeessary, be ascertained by comparing 
the individual reactions with the published tables. In very many 
cases, however, sufficient information for the practical dyer would 
be gained by knowing the group to which the dyestuff' belongs. 

55 
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Whilst we may limit ourselves in the commencement to the 
consideration of single dyestuffs (or mixtures of dyestuffs of the 
same class), yet it is an absolute essential for any scheme of analysis 
that it should be capable of extension to all the mixtures which 
may be encountered in practice. For this reason, only those 
chemical properties can be employed as group reactions which 
depend upon general differences in chemical structure rather than 
upon individual peculiarities, so that dyestuffs of the same family 
shall be grouped together irrespective of shade. Another reason 
why this principle alone can prove satisfactory is, that the scheme 
must be capable of referring to their respective chemical and dyeing 
groups the many new colouring-matters which are constantly 
appearing and whose individual reactions are still unknown. 

As already explained in Chapters II. and III., dyestuffs may be 
classified in two ways : either according to their dyeing properties, 
viz., whether " basic," " acid," " salt," " mordant," " vat," etc. ; or 
according to their chemical structure, that is, according to the 
chromophor they contain, e.g., whether they belong to the nitro, 
nitroso, azo, triphenylmethane, azine, oxazine, thiazine, acridine, 
pyrone, anthracene, or other groups. In the scheme of analysis 
here presented, use is made, in the first place, of tests for ascertain- 
ing the dyeing property of the dyestuff on the fibre, such tests 
(so-called "stripping tests") being an inversion of the respective 
dyeing process. In the second place, in order to ascertain the 
chemical relationship of the dyestuff, there is employed a modifica- 
tion of the method described in Chapter IV. for the analysis of 
dyestuffs in substance, and which depends upon the difference 
in their behaviour when submitted to reduction and reoxidation. 
Whilst nitro, nitroso, and azo compounds are completely destroyed 
on reduction, those dyestuffs which may be regarded as having an 
ortho quinonoid structure give leuco compounds which are readily 
oxidised by air to the original dyestuff, and those to which a para 
quinonoid structure is attributable give leuco compounds stable to 
air, but reoxidised by acidified permanganate or chromic acid. A 
still further group of dyestuffs is very resistant to reduction, 
whilst those of the anthraquinone class are distinguished by giving 
colov/red leuco compounds. 

These reactions can be satisfactorily performed upon the wool 
or silk fibre if sodium hydrosulphite is used as the reducing agent 
in place of zinc-dust, whilst potassium persulphate is employed in 
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place of permanganate as the oxidising agent. Contrary to what - 
might have been anticipated, the leuco compounds formed remain 
in great part attached to the fibre, whilst the splitting products 
of the azo dyestuffs can be entirely removed therefrom by washing. 
The reactions are therefore in many cases sharper than when 
carried out in substance, as there is no disturbing factor due to 
secondary oxidation products. 

The following is the general behaviour of the various chemical 
classes of dyestuiFs upon animal fibres towards reduction and 
oxidation : — 



Decolourised by Hydrosulphite. 


Not altered 
by hydro- 
sulphite. 


Not decolour- 
ised, but 
changed in 
shade. 
Original colour 
restored by 
air or by 
persulphate. 


Colour restored 

on exposure 

to air. 


Colour not 

restored by 

air, but on 

oxidation with 

persulphate. 


Colour not 

restored either 

by air or by 

persulphate. 


AZINES, 
OXAZINES, 
THIAZIDES, 
INDIGOIDS. 


TRIPHENYL- 

METHANE 

GROUP. 


NITRO, 
NITBOSO, 

AND AZO 
GROUPS. 


PYRONE, 

ACEIDINE, 

QUINOLINE, 

AND THIAZOL 

GROUPS. 
SOME MEM- 
BERS OF 
ANTHRACENE 
GROUP. 


MOST 

DYESTUFFS 

OF THE 

ANTHRACENE 

GROUP. 



Having- ascertained both the dyeing character and the chemical 
relationship of the colouring-matter, and taking the shade also 
into consideration, the question is usually narrowed down to a 
single representative or to a choice between a few closely related 
dyestuffs. In order to distinguish between these the behaviour 
with concentrated sulphuric acid, strong hydrochloric acid, or 
caustic soda can be employed. For final confirmation it is well to 
compare the sample both as to shade and reactions with a dyed 
pattern of the dyestuff' to which it is believed to correspond. In 
the appended tables the subdivision of the groups has, owing to 
exigencies of space, being usually omitted. For the same reason 
the list of individual dyestuiFs mentioned under each division is of 
necessity incomplete, only typical members being given. These 
lists must therefore only be regarded as a guide and not as a 
complete enumeration of all colouring-uatters belonging to the 
respective groups. 
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It should be remarked that the same degree of definiteness 
cannot be expected as in a system of inorganic analysis, and some 
variation will be found in the sharpness of the indications with 
individuals of the same class. A little practice and experience 
therefore will be required before absolute certainty can be obtained. 
It may also be pointed out that whilst many commercial dyestufFs 
are single chemical compounds, others are not infrequently mix- 
tures, sometimes even comprising members of two different groups. 
Thus, some of the brands of direct cotton blues are mixtures of 
" acid " dyestuffs of the triphenyl-methane class with " salt " dye- 
stuffs of the disazo class. Such mixtures will therefore exhibit the 
reactions of both classes. 

In the appended tables all the possible groups of dyestuffs are 
considered, although in individual instances many of them would 
be at once excluded on account of the nature of the material or 
its shade. In such cases, therefore, the analytical scheme may be 
much simplified. 

Reagents. — The following reagents are employed. It is 
important that they should be used of the strength indicated : — 

Dilute AniTnonia (1 : 100). — 1 c.c. concentrated ammonia to 
100 c.c. water (soft or distilled). 

Aqueous Alcoholic Ammonia. — 1 c.c. concentrated ammonia to 
50 c.c. strong alcohol or methylated spirit and 50 c.c. water. 

Dilute Acetic Acid (5 per cent). — 5 c.c. glacial acetic acid to 
95 c.c. water. 

Dilute Alcohol (1 : 1). — 50 c.c. strong alcohol or methylated 
spirit to 50 c.c. water. 

Dilute Hydrochloric Acid (1 : 10). — 10 c.c. concentrated hydro- 
chloric acid to 100 c.c. water. 

Caustic Soda (10 per cent). — 10 grams solid caustic soda in 
100 c.c. of solution. 

Hydrosulphite B. — 50 grams of Hydrosulphite NF concentrated 
(Meister), Hyraldite C extra (Cassella), or Rongalite C (Badische), 
i.e. the formaldehyde compound of sodium sulphoxylate, dissolved 
in 500 c.c. of water and acidified with 2 c.c. of acetic acid. Only 
used for yellow and orange colours. 

Hydrosulphite AX. — Dissolve 50 grams of Hydrosulphite 
NF concentrated or Kongalite C in 150 c.c. of hot water. Add to 
the hot solution (at 80° or 90° C.) J gram of anthraquinone 
(precipitated not sublimed) which has been previously ground to a 
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fine paste with a little of the solution, and dilute the whole to 
500 C.C. with cold water. The solution should always be slightly 
alkaline to litmus paper. It may become acid on keeping. 

Persulphate. — A cold saturated solution of potassium persulphate, 
or a 1 per cent, solution of ammonium persulphate. If the solution . 
is alkaline it should be carefully neutralised with dilute acid. 

Sodiwm Acetate (5 per cent). — 5 grams crystallised sodium 
acetate in 100 c.c. water. 

Procedure. — General. — The reactions are performed in test-tubes 
with pieces of the material about ^ to f in. (12-18 mm.) square, 
which are covered to 1 to 1^ in. (25-35 mm.) deep with the reagent. 
The tests should be carried out exactly as described. Except when 
specially stated, the reagents are to be applied in succession to fresh 
portions of the material. In making "stripping tests" the degree of 
stripping is judged by comparing the depth of shade remaining 
against that of the original pattern : the colour of the stripping solu- 
tion is misleading and can scarcely be relied upon as a guide. When 
a fabric is composed of two or more differently coloured threads, these 
should be removed and tested separately. It is found advantageous 
in boiling with dilute acetic acid and dilute ammonia to repeat the 
extraction, as a better stripping is thereby obtained, and any stain- 
ing of the white cotton by acid dyestuffs which may occur on the 
first extraction is removed by the second. In testing with dilute 
ammonia or sodium acetate, the material is placed in a test-tube with 
a somewhat smaller piece of white mercerised cotton cloth, and 
boiled for the time prescribed. If the shade is a pale one, the size 
of the sample should be increased and that of the cotton diminished. 
The dilute ammonia is replaced by aqueous alcoholic ammonia in 
the case of the violet and black dyestuffs (Tables X. and XIV.), as 
in these cases the acid dyestufis are less easily extracted. On 
boiling with sodium acetate solution, white cotton is appreciably 
stained by salt dyestufis after one minute ; by salt-mordant 
colours after two minutes. In making reduction tests, the sample 
is boiled for from one-quarter to one minute with the hydro- 
sulphite, then rinsed thoroughly under the tap and allowed to 
lie on white paper for an hour or so. With most dyestufis 
which form air-oxidisable leuco compounds, the colour returns 
immediately or in a few minutes. The reaction is accelerated 
by exposing the pattern to ammonia vapour. If the colour 
does not return, the pattern is heated to boiling in a test-tube 
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with a little water, and potassium persulphate is added drop by 
drop, carefully avoiding an excess. If this also fails to cause any 
return of colour, the, dyestuff is to be regarded as an azo, nitro, 
or nitroso compound. The depth of the restored colour varies 
greatly in different cases; whilst with some dyestuff's the colour 
reappears with nearly its original depth, with others (probably on 
account of the greater solubility of their leuco compounds) the 
restored shade is much paler. Safranine and its azo derivatives 
yield on reoxidation of the leuco compound a violet colour. This 
is due to the condensation of the leuco-safranine with the formal- 
dehyde present in the Hydrosulphite NF. 

Doubt may sometimes arise as to how a particular shade should 
be classified, whether, for instance, a reddish blue is to be regarded 
as a blue or as a violet. In such cases the tables referring to both 
colours should be consulted : this can scarcely give rise to confusion 
since the same general scheme is employed throughout the tables. 
The same remark applies to possible mixtures ; thus, in examining 
a green shade, not only the green table, but also the blue and 
yellow tables may be required. 

The reactions given in the analytical scheme have special 
reference to the wool fibre, but with slight variations in some cases 
will apply also to silk. 

For reactions distinguishing individual dyestufFs of the same 
group the reader is referred to the Farbstofftabellen, by G. Schultz 
(5. Aufl.), and to Heermann's Koloristische und TextilcheTnische 
Untersuchvmgen. For additional confirmation it is well to com- 
pare the sample both as to shade and reactions with a dyed pattern 
of the colouring-matter to which it is believed to correspond. 

Preliminary Tests. — Before commencing the systematic ex- 
amination it is advisable to ascertain, by boiling the pattern in plain 
distilled water, whether it contains unfixed dyestuffs, or finishing 
materials, which, if present, should be removed. It is also recom- 
mended to make a rapid provisional test for metallic mordants, 
which is conducted as follows : — 

A few fibres are burnt in the Bunsen flame. If any ash is left, 
its colour is observed and its behaviour on ignition. 

Al : White ash, incandescent when heated. 

Sn : White ash, yellow and very incandescent when heated. 

Or : Greyish-green ash, yellow borax bead. 

Fe : Reddish-brown ash. 
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In drawing deductions from any of the above indications it 
should be borne in mind that metallic oxides may be present 
which have no relationship to the dyestuff, as, for instance, chromium 
oxide in stripped shoddy wool and stannic oxide in weighted silk. 

Tests for Acid and Salt Dyestuffs. — The difference between 
these two classes is rather a gradual than an absolute one. 
Accordingly, it is sometimes difficult to decide whether a sample 
belongs to one or the other group. Most of the typical "salt" 
dyestuffs stain cotton strongly when boiled either in dilute 
ammonia or sodium acetate solution, but a few (such as the 
Sulphon colours) only stain feebly and upon prolonged boiling. 
On the other hand, whilst most acid dyestuffs do not stain cotton 
from boiling dilute ammonia, there are one or two which exhibit 
this property to some extent (such as Fast Red A and Wool 
Red B). 

The stripping of acid colours on boiling with dilute ammonia 
also varies considerably in degree. Thus, whilst most acid dyestuffs 
lose much colour under the conditions employed, a few, such as 
Milling Yellow and some of the brands of Patent Blue, are stripped 
with difficulty. 

Test for Indigoid Dyestuffs. — The pattern is boiled for a 
minute or two with aniline (freshly distilled), and the extract, if 
coloured, is carefully evaporated to dryness in a test-tube. The 
quite dry residue (free from aniline) is then carefully heated in 
a small Bunsen fiame : the presence of an indigoid dyestuff is 
indicated by the production of coloured vapours. For distin- 
guishing between the individual dyestuffs of the indigoid class, as, 
for instance, between Indigo and Ciba Blue, the colour of the 
chloroform extract, as recommended by Hold en, is useful. 

Confirmatory Test for Triphenylmethane Colours. — Most tri- 
phenylmethane colours become pale yellow or yellowish brown 
on treatment of the fibre with concentrated sulphuric acid. 

Detection of Mordants. — In addition to the preliminary tests 
already mentioned, the following methods are recommended : — 

Burn a small pattern of the material and fuse the ash with 
potassium or sodium chlorate, on a crucible lid (a yellowish-coloured 
mass indicates chromium), and allow to cool. To test for Al and 
Or, add acetic acid in excess (tin and iron left insoluble, tin as 
white solid, iron as brown), filter and divide filtrate into two 
parts : — 
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(a) Test for chromate by lead acetate. 

(b) Test for Al by adding ammonia in slight excess, together 
with a drop of very dilute alizarine paste. This, if Al is present, 
gives a red, flocculent precipitate, which is readily seen. 

To test for Fe, Ou, and Sn, add HOI in excess to the product of 
fusion (or to the residue insoluble in acetic acid) : — 

(c) Fe gives a yellow solution and a blood-red colouration on 
addition of a sulphocyanide. 

(d) Ou gives a brown colouration with sulphocyanide, and a 
blue solution on adding ammonia. 

(e) Sn, on addition of ammonium sulphide, gives a brown 
precipitate. 

Copper is usually not present in sufficient quantity to give the 
above test, but may be readily detected even in traces by the pro- 
duction of a green flame when the ash moistened with con- 
centrated HOI is brought into the Bunsen flame. 

The detection of the mordant (Ou or Or) requires special care 
in those cases in which the dyestufl" as sold already contains the 
mordant incorporated with it. 

In the case of textile materials containing copper (used, for 
instance, for rendering acid colours faster to light), it is advisable 
to remove the copper by boiling with oxalic acid before proceeding 
to test for the dyestufl". 

Mixtures. — Although it is not possible to lay down exact 
details of procedure in dealing with mixtures, a few general 
principles may be mentioned which will be found useful by those 
who wish to extend the scheme to such cases. If a mixture con- 
sists of two or more dyestuffs of the same chemical and dyeing 
group, it will behave as a whole similarly to a single dyestufl", 
though sufficient difi"erences will usually exist in the rate of 
solution or of attack by the group reagents to render it possible to 
distinguish or even to separate the constituents. Thus, a green 
dyed by means of an Acid Azo Yellow and an Acid Azo Blue 
will be distinguishable upon careful reduction with hydrosulphite, 
since the Azo Blue will generally be reduced first, and the shade 
will therefore change from green to yellow before it is decolourised. 
Further, if such a compound shade be extracted fractionally with 
dilute ammonia, the yellow is generally stripped first, and after 
acidification may be transferred from the solution to another piece 
of wool for subsequent tests. Mixtures of colours belonging to 
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different groups will usually exhibit at once their divers com- 
position. For example, a navy blue shade dyed with Patent Blue 
and an Azo Orange will, upon reduction, first change to bright 
blue, then become colourless, and upon reoxidation with persulphate 
the blue alone will return. If a mixture of an azine, oxazine, or 
thiazine dyestuff with a triphenylmethane colour has been employed, 
only the first colour will return upon exposure of the leuco com- 
pound to air, the latter colour being restored also upon treatment 
with persulphate. Fractional extraction of the fibre with dilute 
alcohol or dilute acetic acid can be employed in many cases to effect 
a separation or partial separation of the dyestuffs present, the 
extracted colour being then transferred to fresh wool or silk and 
separately tested. To affect this transference the alcohol must be 
first boiled off or the acetic acid neutralised. 

In some cases mixtures may be separated by means of solvents. 
Thus a mixture of a "mordant" colouring-matter fixed by chromium 
and an ordinary " acid " dyestuff may be resolved by extracting the 
pattern in a Soxhlet extracting apparatus with pyridine, which 
removes the " acid " dyestuff, leaving the " mordant " dyestuff in 
great part upon the fibre. After distilling off the pyridine from 
the extract, the residual colour can be dyed upon wool and tested. 
In order to separate indigo and other " vat " dyestuffs from 
" mordant " and " acid " dyestuffs, the solvent action of cresol (com- 
mercial cresylic acid 98 per cent.) upon the colours of the former 
class may be made use of. For this purpose it is advisable to 
reduce the boiling-point of the solvent by mixing it with a hydro- 
carbon of lower boiling-point. Thus a mixture of 100 parts of cresol 
with 30 parts of " solvent naphtha " (crude xylol) or of petroleum 
spirit of boiling-point 120° to 140° has been found suitable. The 
previously dried pattern is put in the Soxhlet apparatus, covered 
with a layer of loose wool, and a thermometer placed with its bulb 
in contact with the pattern. The proportion of hydrocarbon to 
cresol is so adjusted that the temperature of the extracting liquid 
is 100° to 105°. By this means the "vat" dyestuffs are extracted, 
but most of the "acid" and "mordant" dyestuffs remain on the 
fibre and can be subsequently examined. The method is used with 
advantage for the analysis of reputed indigo-dyed cloths, for further 
details of which see page 90. 

Mixed shades obtained with logwood (haematein) and an " acid," 
" mordant," or " vat " dyestuff are easily separated by boiling with 
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dilute hydrochloric acid, which removes the logwood, giving a 
crimson solution, whilst the other dyestuff (usually) remains upon 
the fibre. Brazil wood and other natural dye-woods behave similarly 
to logwood, whilst " acid " Alizarine Reds are also extracted. It is 
possible in some cases, as, for example, with a " vatted black " 
(mixture of indigo and logwood), to either remove the indigo by 
extraction with cresol or pyridine, leaving the logwood on the fibre, 
or to remove the logwood by boiling with dilute acid and leave the 
indigo. If in addition to these two dyestuffs an " acid " black, for 
instance, were also present, the logwood could be first removed by 
dilute acid, then the indigo by extraction with cresol, thus leaving 
the " acid " black alone upon the fibre. 

Although the identification of dyestuffs employed in dyeing 
mixed shades must always be attended with some difficulty, ex- 
perience and familiarity with the properties of the dyestuffs render 
it possible in a large number of cases to effect a successful analysis, 
and the instances given above will serve as a sufficient illustration 
of the methods of attacking the problem. 



Notes on the Analytical Tables. 

Table VIII. 

General. — In the case of yellow and orange colours the indications are 
sharper when reduction is effected with Hydrosulphite B. With 
Hydrosulphite AX many of the dyestuffs of the thiazol group become 
considerably lighter, whilst, on the other hand, the decolourisation of 
the dyestuffs of other groups may be somewhat obscured by the yellow 
tint given by the anthraquinone, especially if the pattern is not 
thoroughly washed. 

Div. \. — The acridine dyestuffs give a more or less pronounced green 
fluorescence to the acetic acid extract. 

Div. 6. — Turmeric becomes much browner on boiling with dilute ammonia 
or sodium acetate. 

Div. 8. — Nitro dyestuffs may be distinguished from azo by the production 
with hydrosulphite, prior to decolourisation, of a reddish-orange 
colouration (nitroamido compound). 

Div. 11. — "Weld on Al is partially stripped by acetic acid, giving a colourless 
extract ; on Cr or Sn it is not affected. 

Div. 15. — Alizarine Yellow R and E.W stain cotton slightly on boiling 
with sodium acetate solution. 

Div. 17. — Sulphone Yellow and Sulphone Orange give only a comparatively 
slight stain on cotton after boiling two minutes with sodium acetate. 
The Toluylene Oranges are only reduced by hydrosulphite with great 
difficulty. 
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Table IX 

Div. 2. — Induline Scarlet gives a claret -red colour with concentrated 
sulphuric acid, which becomes green on addition of a trace of water. 
Safranine, after reduction and oxidation, does not return to its 
original shade, but to a violet (methylene derivative), which is re- 
converted into the red on boiling with ammonia. 

Div. 9. — Fast Acid Eed A, although a pyrone derivative, also falls into 
this division. It reduces more slowly than the triphenylmethane dye- 
stuffs and is similar to the Fast Acid Violets of Table X. 

Div. 10. — Fast Eed A and Wool Eed B stain cotton on boiling with dilute 
ammonia. The group of acid azo colours may be split up into classes 
by treatment of the fibre with concentrated sulphuric acid, when 
various colours are obtained (red, violet, blue, or green). 

Div. 12. — Alizarine Geranol B exhibits an exceptional behaviour, being 
reduced by Hydrosulphite AX to a pale yellow, which is permanent 
in air but changed on boiling with persulphate to a pale violet- 
brown. 

Div. 15. — Many of the red " vat " dyes show a yellow fluorescence in chloro- 
form solution. 

Div. 17. — Several of the red azo "mordant" dyestufl's, which should fall into 
this group, are, when iixed upon wool, extremely diflicult to reduce. 
This is especially the case with Eriochrome Red B, Acid Alizarine 
Eed G, Acid Alizarine Garnet R, Omega Chrome Red B, and Diamond 
EedG. 

Tablb X. 

Div. 1. — Cresyl Fast Violet 2B returns in .air to a greenish blue instead 

of to a violet. Its acetic acid extract has a strong red fluorescence. 

Brilliant Ehoduline Violet E is a Ehodamine and comes into 

Table IX. 
Div. 7. — The dyestufis of the pyrone group reduce much more slowly 

than those of the triphenylmethane series. Violamine 3B falls into 

Table XI. 
Div. 8. — Acid Violet 7B gives a bright green spot with concentrated 

hydrochloric acid. 
Div. 13. — The indigoid "vat" colours only return slowly in air and usually 

through green (except Ciba Heliotrope). 
Div. 14. — Chrome Violet (old) gives coloured extracts both with dilute 

acetic acid and with dilute ammonia, but the fibre is not markedly 

stripped. 

Table XI. 

Div. 1. — Certain " basic mordant " dyestuffs belonging to Div. 17 (Celestino 
Blue B, Correine 2R, Gallocyanine, etc.) tend to strip slightly with 
boiling 5 per cent, acetic acid. 

Div. 8. — Certain brands of Wool Blue are mixtures containing Patent 
Blue. 

Div. 9. — All the dyestuffs of the Patent Blue class are somewhat difficult 

6 
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to strip -witli dilute ammonia, some of the new marks being barely 
affected. « 

Div. 10. — The redder brands of the Chlorazol Brilliant Blues, Isamine 
Blues, Brilliant Dianil Blues, and Brilliant Sky Blues, are mixtures 
of the pure dyestuff represented by the bluest marks (triphenylmethane 
compounds) with a disazo dyestuff of Div. 25. 

Div. 13. — The Cyananthrols and Alizarine Sky Blues are restored by 
persulphate to a slate grey instead of to the original blue. These dye- 
stuffs are probably mixtures. 

Div. 18. — Many of the Blues and Navy Blues of the Eriochrome series are 
mixtures, apparently of Eriochrome Azurol or of Eriochrome Cyanine 
with " mordant " azo dyestuffs. Eriochrome Blue S, B, and BK are azo 
mordant colours, as is also Eriochrome Dark Blue B. 

Div. 19. — Helindone Grey and Thioindigo Grey fall into this group. 

Div. 21. — Chrome Blue A is a mixture of a Ghromotrope with a little 
Patent Blue. Chrome Blue B is also a mixture. 

Div. 25. — The Sulphoncyanines and Sulphonazurines only stain cotton 
in sodium acetate solution upon long boiling. Brilliant Sulphon- 
azurine is reduced by Hydrosulphite to a pink, which is only 
decolourised with great difficulty. 



Table XII. 

Oeneral. — As green shades are frequently produced with mixtures of blue 

and yellow dyestuffs. Tables VIII. and XI. should also be consulted. 
Div. 5.' — Brilliant Milling Green S is a dyestuff of the Patent Blue class, 

and on account of its shade would fall into Table XI. 
Div. 8. — Anthracyanine Greens 3GL and BL, though mixtures, fall into 

this group. 
Div. 13. — Eriochrome Olive, upon treatment with concentrated HCl, gives 

a crimson solution and fibre. 



Table XIII. 

Oeneral. — Brown shades are very frequently dyed with mixtures of 
dyestuffs, e.g. with an orange shaded with a blue or violet, for which 
colours the respective tables must be consulted. The commercial 
brown dyestuffs are also frequently mixtures. 

Div. 1. — Diazine Brown might be classed as a violet. 

Div. 3. — Anthracyanine Browns GL and RL, which are mixtures, fall 
into this group. On reduction with Hydrosulphite AX and oxidation 
with persulphate, a blue or grey-blue is obtained. Fast Brown G 
gives a rose-coloured strip with dilute ammonia. 

Div. 4. — The " vat" colours after reduction return in air much less rapidly 
than do the stilbenes. Helindone Brown CE in particular returns 
very slowly, and should be confirmed by solubility in aniline. Ciba 
Brown R, unlike the other vat Browns, does not reduce to a pale 
yellow but to a yellowish brown. 

Div. 7. — A number of "mordant" azo Browns appear to stain cotton very 
slightly on long boiling with sodium acetate solution. 
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TABLE IX.— RED COLOURS. 



Boil twice for one minute witii 5 per cent, acetic acid. 



Mucli coluur is stripped : Basic Dyestuff or Soluble Red Wood. 
Boil twice for one minute with dilute alcohol (1 : 1). 



Much colour is stripped : Basic Dyestuff. 
Boil with Hydrosulphite AX. 



Colour 

un- 

afleoted : 

^rone 

Class. 



Decolourised. 

Colour returns on 

exposure to atr. 

Treat original fibre with 

cold oonc. sulphuric add. 



Fibre and 
solution 
sreen : 
Azlne 
Class. 



Fibre 

and 

solution 

violet. 



S « 



De- 
colourised. 
Colour 
does not 
return 

on 
exposure 
to air, 
but is 
restored 
by per- 
sulphate : 
Tplphenyl- 
methane 
Class. 



De- 
colourised. 
Colour 
Is not 
restored 
either 
by air 
or by 
per- 
sulphate : 
Azo 
Class. 
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Unaffected. 
Al or Cr 

is 
present 
in ash. 

On 

boiling 

with 

dilute 

ammonia 

the 

colour 

becomes 

much 

bluer. 



Little or no colour Is stripped : Add, Vat, Mordant, or Salt Dyestuff. Boil twice for one minute with dilute ammonia (1 : 100) and a piece ot white cotton. 



Much colour Is stripped, but cotton remains white : Acid Dyestuff. 
' Boil with Hydrosulphite AX. 



Colour 
unaffected : 

Pyrone 

Class. 

On 

acidifying 

the 
ammonlacnl 

extract, 
fluorescence 

is not 
discharged. 
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De- 
colourised. 
Colour 
returns 

on 

exposure 

to air : 

Azlne 

Class. 
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De- 
colourised. 
Colour 
does not 
return 
on 
exposure 
to air, 
but is 
restored 
by per- 
sulphate : 
Trlphenyl- 
methane 
Class. 
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Decolourised. 

Colour Is not restored either 

by air or by persulphate : 

Azo Class. 

Boil with dilute bichromate. 



Colour 
unaffected. 
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Colour 
changed 
to 
dark 
maroun 
or 
blue- 
violet. 



Colour 

is 

changed 

to 

bright 

yellow, 

which 

slowly 

returns 

in air to 

original 

shade : 

Anthra- 

quinone 

Class. 
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Part of the colour is 


stripped, and the wool 


becomes bluer. 


Boil with 


Hydrosulphite AX. 


Colour 


Colour 


unaffected : 


is 


Pyrone 
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Class. 


to 


The 


yellow. 


amnioniacal 


Original 


extract Is 


colour 


fluorescent, 
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on 
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Little or no colour is stripped : Vat, Mordant, or Salt Dyestuff'. 
Boil with Hydrosulphite AX. 



De- 
colourised. 
Colour 
returns 

on 

exposure 

to air : 

Indigold 

Vat 

Dyestuff. 

Confirm 

by 

extraction 

with 

aniline 

and 

sublimation 

test. 



De- 
colourised. 
Colour 
does not 
return 
on 
exposure 
to air, 
but is 
restored 
by per- 
sulphate. 

A 
mordant 

is 
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(Al or 

Cr). 
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Decolourised. Colour is not restored either 

by air or by persulphate : Azo Class. 

Test for a mordant (Cr). 



Mordant present. Boil with 

& per cent, sodium acetate and 

a small piece of'wiiite cotton 

for two or three minutes. 



Cotton 

remains 

white : 

Acld-mordant 

Dyestuff. 



Cotton 

is 
stained : 

Salt- 
mordant 
Dyestuff. 



Mordant 

absent : 

Salt 

Dyestuff. 

Confirm by 

boiling with 

6 per cent. 

sodium acetate 

and a piece of 

white cotton. 



Colour 

slowly 

changed 

to 
orange 

or 
orange- 
brown. 
Original 
colour is 
restored 
by per- 
sulphate. 
A mordant 
is present. 
Alizarine 
Class. ' 
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TABLE X.— PURPLE AND VIOLET COLOURS. 



Boil twice for one minute with 5 per cent, acetic acid. 



Much colour is stripped : Basle Oyestuff 

or Soluble Red Wood, Buil twice 

fur one minute witli dilute alcoliol (1 : 1). 



Muctt colour Is stripped : 

Basic Dyestuff. 

Boil witti Hydrosulphite AX. 



Decolourised. 

Colour 

returns on 

exposure 

to air : 

Azine, Oxazlne, 

or 

Thiazlne 

Class. 



Decolourised, 

Colour 

does not 

return 

on exposure 

to air, 

but is 

restored by 

persulphate : 

Triphenyl- 

methane 

Class. 



Unaffected. 
Al or Cr 

is 

present 

in 

ash. 

On boiling 

with 

dilute 

ammonia, 

the 

colour 

becomes 

much 

bluer. 



Little or no colour is stripped : Acid, Vat, Mordant, or Salt Dyestuff. Boil twice for one minute with aqueous alcoholic ammonia (1 : 100) and a piece o( white cotton. 



Uuoh colour is stripped, but cotton remains white : Acid Dyestuff. 
Boil with Hydrosulphite AX. 



De- 
colourised. 
Colour 
returns 

on 

exposure 

to air : 

Azine, 

Oxazlne, 

or 

Thiazlne 

Class. 



Decolourised. Colour does not return on exposure 

to air, but is restored by persulphate : 

Tplohenylmethane and Pyrone Classes. 

Boll with S per cent, sodium acetate for one minute. 



Much colour is stripped, 

but solution remains 

colour ess. Treat original 

fibre with cold cone. 

sulphuric acid. 



Colour 
of 

Hbre 
yellow to 
orange. 



Fibre 
becomes 
reddish- 
brown. 



Little colour is stripped 
Spot original fibre with 
cone, hydrochloric acid. 



uncSgod. Yellow spot. 
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Decolourised. 

Colour 

is not 

restored 

either by air 

or by 

persulphate ; 

Azo 

Class. 



Colour 

is 

changed 

to 

orange-yellow, 

restored by 

persulphate 

to a 

violet-brown : 

Anthra- 

qulnone 

Class. 



Little or no colour is stripped : Vat, Mordant, oi Salt Dyestuff. 
Boil with Hydrosulphite AX. 



Colour 

unaffected: 

Pyrone 

Class. 

A 
chrome 
mordant 

is 
present. 



Decolourised. 

Colour returns on exposure 

to air. 

Test for a mordant 



Mordant 

present : 

Azine, 

Oxazine, 

or 

Thiazlne 

Class. 



Mordant 
absent ; 
Indlgoid 

Vat 
Dyestuff. 
Cunfli-m by 
extraction 

with 
anitine and 
sublimation. 



Decolourised. 

Colour 

does nut 

return 

on 

exposure 

to Hir, 

but is 

restored 

by 

persulphate: 

Triphenyl- 

metiane 

Class. 
A chrome 
mordiiiit 

is 
present. 



Decolourised. 

Colour is ni t restored either 

by air or by pursulphute ; 

Azo (. lass. 
Test for a mordant (Cr). 



Mordant 
present : 
Aoid- 
moi dant 
Dyestuff. 



Mordant 

aliseiit ; 

Salt 

Dyestuff. 

Conrtnn liy 

builihK with 

5 per cent. 

sodium acetnte 

and a piece of 

white C'tton. 

Stained. 
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Colour changed to 
orange-brown or brown : 

Alizarine Class. 

A mordant is present. 

Boll original flijre with 

dilute hydi'OL'hluric acid 

(1 : lu). 



Fibre 

and 
solution 
orange. 



O 
pq 



Fibre and 

sulut tin 

re<1-bruwn 

to 

violet-brown. 
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ANALYSIS OF DYESTUFFS ON ANIMAL FIBRES.] 



TABLE XL— BLUE COLOURS. 



Boil twice for one minute with 5 per ueitt. acetic acid. 



Much ootour is stripped : 

Basle Oyastuff or Logwood. 

Boll with dilute alcohol (1 : 1) twice tor one minute. 



Much colour la jtrlpped : 

Basle Dyestufr. 

Boll with Hydrotalphlte AJL. 



Decolourised. 

Colour 

returns 
on exposure 

to air ; 

Azine, 

Oxazlne, or 

ThiBzlns 

Class. 



Decolourised. 

Colour 

does not 

return on 

exposure 

to air, 

but la 

rsstored by 

persulphate : 

TPlphsnyl- 

methane 

Class. 



Decolourised. 
A violet 
colour 
rat urns 

on 

exposure 

to air: 

Saft>anlne 

Azo 
Dyestuff. 



Un- 
affected. 
Al or 
CrU 
present 
lu ash. 

On 
spotting 
with 
hydro- 
chloric 
add, 
the 
blue Is 
cha,iged 

to 
brick-red. 



Little or no colour Is stripped : Aeld, Vat, Mordant, or Salt Dyestuff. Boil twice toi' on« minute with dilute ammonia (1 : 100) and a piece of white cotton. 

Keep llie ammuniaca] extract. 



Much colour Is stripped, but cotton remains white : Acid Dyestuff. Boll with Hydrosulphite AX. 



Decolourised. 

Colour returns on exposure to air : 

Azine. Oxazine, Thiazlne, 

and Indigo Classes. 

Also Prussian Blue. 



The ammoniacal extract 

Is blue. 
Ou adding caustic soda 



at once 
becomes 
yellow. 



becomes 

violet 

on heating. 



The 
am- 
moniacal 
extract 
is 
colourless. 
FelB 
present 
in 
ash. 



Deooloarlsed. Colour does not return 

on exposure to air, but is restored 

by persulphate : 

Trlphenylmethane Class. 



Ammoniacal extract is 

blue. Treat fibre with 

cold cone, sulphuric acid. 



Fibre and 
solution 
red-brown 
to orange- 
brown. 



Fibre and 
solution 

colourless 
to pale 
yellow. 



Ammoniacal 
extr.'ict is 
colourless, 

liut becomes 

blue on 
acidifying. 



Decolourised. 

Colour 

is not 

restored 

either by 

air or by 

persulphate : 

Azo Class. 



Fibre is not decolourised, 

but colour changes : 

Anthraquinone Class. 

Colour of reduced fibre is— 



red-violet, 

returning 

with 

persulphate. 



bright yellow 

to 

orange-brown, 

returning 

with 

persulphate. 



Little or no colour is stripped : Vat, Mordant, oi Salt Dyestuff. Boil wltli Uydruaulphite AX. 



Colour nnatfeoted, or 

slightly daricer; 

Anthraquinone 

Class. 

Teat for a mordant (Or). 



Mordant 
present. 



Mordant 
absent. 



Decolourised. Colour returns on exposure to air. 
Test for a mordant. 



Mordant present : 

Azine, Oxazlne, or Thiazlne Class. 

Treat fibre witij cold cone, sulphuric acid. 



Fibre 

and 

solution 

green. 



Fibre and 
solution blue 



violet. 



Fibre 

and 

solution 

reil. 



Mordant absent. 
Treat fibre with aniline. 



Blue 
solution 
giving on 
evaporation 
a sublimable 
residue ; 
Indlgoid 

Vat 
Dyestuff. 



Colourless 
solution : 
Pyrone 
Dye- 
stuff. 



Decolourised. 

Coioui does not 

return on exposure 

to air, 
but is restored by 
persulphate : 
Trlphenyl- 
methane Class. 
Test lor a mordant. 



Mordant 
present. 



Mordant 
absent. 



Decolourised. Colour is not restored 
either by air or by persulphate: 
* Azo Class. 

Test for a mordant. 



Mordant present. Boll with 
a per cent, sodium acetate 
and a piece of white cotton 
fur two or three minutes. 



Cotton remains 
white : 
Acid- 
mordant 
Dyestuff. 



Cotton Is 
stained : 
Salt- 
mordant 
Dyestuff. 



Mordant 

absent : 

Salt Dyestuff. 

Conilrm by 

bolting with 

5 per cent. 

Bodlura acetate 

and a piece of 

wMte cotton. 

Cotton stained. 



Colour 
changed 

to 

brown, 

becoming 

blue 

again- 

on 

exposure 

to air: 

Alizarine 

Class. 

Mordant 

present. 
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ANALYSIS OF 0YESTUFFS ON ANIMAL FIBRES.] 



TABLE XII.— GREEN COLOURS. 



Boil twice for one minute with 6 per cent, acetio acid. 



Much colour is stripped : 

Basic Dyestuif. 

Boil with HydroBulphite AX. 



De- 
colourised. 

A 

dark violet 

colour 

returns 

on 

exposure 

to air : 

Safranine 

Azo 
Dyestuff. 



« 
as 

la 

S5 






Decolourised 
Original 
colour 

returns on 

exposure 
to air : 
Azlne, 

Oxaztne, 
or 

Thlazine 
Class. 
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Decolourised. 

Colour 

does not 

return on 

exposure 

to air, 

but is 

restored by 

persulphate : 

Tpiphenyl- 

methane 

Class. 



* c 



Little or no colour is stripped : Add, Vat, Mordant, or Salt Dyestuff. Boil twice for one minute with dilute ammonia (1 : 100) and a piece of white cotton. 



Much colour is stripped, but cotton remains white : Acid Dyestuff. 
Boil with Hydrosulphite AX. 



De- 
colourised. 
Colour 
returns 

on 

exposure 

to air : 

Azlne, 

Oxazlne, 

or 

Thlazine 

Class. 



Decolourised. 

Colour 

does not 

return 

on exposure 

to air, 

but is restored by 

persulphate : 

Triphenyl- 

methane 

Class. 



De- 
colourised. 
Colour 
is not 
restored 
either by air 

or by 

persulphate : 

Azo 

Class. 



Fibre is not decolourised, 

but colour changes : 
Anthraquinone Group. 
Colour of reduced fibre is— 



Red-violet 
returning 

with 
persulphate 

to 
bluish-green. 



Orange, 

returning with 

persulphate 

to 
grey-green. 



Little or no colour is stripped : Vat, Mordant, or Salt Dyestuff. Boil with Hydrosulphite AX. 
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Decolourised. 

Colour returns on exposure 

to air. 

Test for a mordant. 



Mordant 
present : 
Oxazlne 

or 

Thlazine 

Class. 



Mordant 

absent : 

Indl^oid 

Vat 
Dyestuif. 
Confirm by 
extraction with 
aniline and 
sublimation 
test. 



Decolourised. 

Colour 

does not 

return on 

exposure 

to air, 

hut is 

restored by 

persulphate ; 

Triphenyl- 

methane 

Class. 

ACr 

mordant 

is present. 



Decolourised. Colour is not restored either by air or by per- 
sulphate ; Azo or Nltroso Class. Test for a mordant. 



Mordant present. Boil with 5 per cent, scdiuni acetutc 
and a piece of white cotton for two or three minutes. 



Cotton remains white. Boil oiiginal 
fibre ^vith cone, hydrochloric acid. 



Fibre and 

solution 

light brown : 

Nltroso 

Class. 
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Colour of fibre 

unchanged, or 

bluer : 

Azo Class. 



Cotton 

is 
stnined : 
Salt- 
mordant 
Dyestuff. 



Mordant 
absent : 

Salt 
Dyestuif. 

Confirm by 

boiling with 

5 per cent. 

sodium acetate 

and a piece of 

white cotton. 



Colour 
changed 

to 

red-violet. 

The 

original 

colour is 

restored 

by 

persulphate. 

A chrome 

mordant 

is present. 



Colour changed to 

orange or orange-brown : 

Alizarine Class. 



Original 

colour 

returns 

on exposure 

to air. 
A mordant 
is present. 
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Original 

colour 

does not 

return on 

exposure to air, 

but Is 

restored by 

persulphate. 

A chrome 

mordant 

is present. 
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ANALYSIS OF DYESTUFFS OX ANIMAL FIBKES.] 

TABLE XIII.— BROWN COLOURS. 



Boil twice for one minute with 6 per cent, acetic acid. 



Much colour is 

stripped : 

Basic Dyestuff. 

Boil with 
Hydrosulphite AX. 



De- 

colourised. 
A violet 
colour 
returns 

on 

exposure 

to air ; 

Safranine 

Azo 
Dyestuff. 



De- 
colourised. 
Colour 
IB not 
restored 
either 
by air 
or by- 
persulphate: 
Azo 
Class. 



Little or no colour is stripped : Acid, Vat, Mordant, or Salt Dyestuff. Boil twice for one minute witli 

dilute ammonia (1 : 100). 



Much colour 
is stripped : 

Acid 

Dyestuff. 

On boiling 

with 

Hydrosulphite 

AX. 

decolourised. 

Colour is not 

restored 

either by 

air or by 

persulphate : 

Azo Class. 



Little or no colour is stripped : Vat, Mordant, or Salt Dyestuff. Boil with Hydrosulphite AX. 



Decolourised. 

Colour retilrns on exposure 

to air. 

Boil with 5 per cent. 

sodium acetate and a 

piece of white cotton 

for two minutes. 



Cotton 

remains 

white: 

Indigoid 

Vat 
Dyestuff. 



Cotton is 
stained : 

Salt 

Dyestuff 

Stilbene 

Class. 



De- 

colourised. 

Colour 

does not 

return on 

exposure 

to air, 

but is 

restored 

by 

persulphate. 



Decolourised. 
Colour is not restored either by air 

or by persulphate : Azo Group. 

Boil with 5 per cent, sodium acetate 

and a piece of white cotton 

for two minutes. 



Cotton 

remains white. 

Cr is present. 

Acid-mordant 

Dyestuff. 



Cotton 
is stained. 
Cr may be 

present. 

Salt 
Dyestuff. 



Colour of fibre unaltered. 

Boil with 

dilute hydrochloric acid 

(1:10). 



Colour is 

stripped. 

Cr present. 
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Colour 

is not 

stripped. 

Cr and Cu 

present. 






ANALYSIS OF DYESTUf FS ON ANIMAL FIBRES.] 

TABLE XIV.— BLACK AND GREY COLOURS. 

Boil twice for one minute with 5 per cent, acetic acid. 



Little or no colour is stripped : Acid, Mordant, or Salt Dyestuff. Boil twice lor one minute with aqueous alcoholic ammonia 

(1 ; 100) and a piece of white cottnn. 



The colour is stripped : 
Acid or Salt Dyestuff. 



Little or no colour is stripped : Mordant Dyestuff. Boil for half a minute 
with dilute hydrochloric acid (1 : 10). 



Much 

colour 

is 

stripped : 
Basic 

Dyestuff. 
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The cotton 

remains white : 

Acid Dyestuff. 

On boiling 

with 

Hydrosulphite AX, 

the colour 

is permanently 

dischar;:ed. 
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The cotton is 

stained : 

Salt Dyestuff. 

On boiling 

with 

Hydrosulphite AX, 

the colour 

is permanently 

discharged. 



Fibre 

and 

solution 

crimson. 
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Fibre 
and 

solution 

orange 

to 

pale brown. 



Fibre blue 

or 

blue-violet, 

solution 

crimson. 

Test 

lor 

indigo 

by 

extraction, 

evaporation, 

and 
sublimation. 



Fibre unaffected. Boil with Hydrosulphite AX. 



Unaffected. 

Treat original fibre with 

cold cone, sulphuiic 

acid. 



Blue 
solution. 



Colourless 
solution. 



The colour is discharged. 

Boil for one minute with 5 per cent. 

sodium acetate and a piece of 

white cotton. 



Cotton remains 
white. 



Cotton is 
stained. 



Colour 

changed 

to brown. 

Original 

colour 

returns 

slowly 

on exposure 

to air. 
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ANALYSIS OF DYESTUFFS ON VEGETABLE FIBRES. 



TABLE XV.— YELLOW AND ORANGE COLOURS. 



Boil with weak nmmonla (1 : 100). 



The colour is stripped. Boll with 

acidified water and small piece 

of white wool. 



ColotiT not 

traiMferred 

to the wool. 

Suls 

present 

In aih. 



Colour la transferred to 

the wool : Add 

Dyestuff. 

Boll wool with Hydro- 

sulphite B. 



H 
H 

m 



Not 
decolour- 
ised: 
Pyroneor 
Quinoline 
Class. 



Perman- 
ently 

decolour- 
ised: 
Azo 

Class. 



The colour is not stripped. Boll for a quarter of a minute with saline caustic soda, rinse with cold water, and boll with water and one or two drops of weak formic acid (1 : 100). 



The colour Is completely destroyed, both 
solutions and fibre being colourless. Treat 
original fibre with cold ammonium sulphide. 



Fibre 
blackened. 
Cr present 

In ash. 



Fibre Is not blackened. 
Boll with Hydrosulphlte BX. 



Not decolourised. 
Test for Al in ash. 



Al 
present. 



s 



Al 
absent. 



De- 
colourised. 



The colour is completely or largely 

stripped, giving h culnured acid extract., 

which is preciiiitftteil by tannin 

solution : Basic Dyestuff. 

Transfer to wool iniii boll with 

Hydrosiilphlle B. 



Wool Is not decolourised. 
Boil cotton with hydro- 
chloric acid (1 : 20). 



De- 
oolouTlaed. 



1^ 



s 



P 

•«1 



Not 

decolourised. 

The cone. H23O4 

and alcoholic 

solutions are 

flnnrescent : 

Acrtdine 

Class. 



pa' w 



Wool Is per- 
manently 
decolour- 
ised: 

Azo Class. 



10. 



A coloured acid extract precipitable by tannin Is not obtained. Beduoe original fibre with Hydrosulphlte BZ. 



Decolourised or becomes light yellow. Original colour Is not 

restored by air oxidation : Azo Dyestuff (Including 

the Stilbene Class). Boil with soap solution 

and white mercerised cotton. 



White cotton is staine'd : 
Salt Dyestuff. 



Fibre after re- 
duction is light 
yellow and can 
be diazotised 
and developed 

red with 

betanaphthol : 

Primullne 

Azo Colour. 



Fibre after 
reduction is 
colourless : 
Salt Azo 
Dyestuff. 



White cotton Is not stained. 
Boll with pyridine. 



Colour is 

stripped : 

Insoluble 

Azo Colour. 



Colour la not 

stripped. Cr 

preaent In 

the ash : 

Azo Mordant 

Dyestuff. 



2 o 



o 



The colour Is unaffected or changed In shade, becoming lighter, 

browner, or bluer. If altered In shade, exposure to air restores the 

original colour. Apply the lead acetate test. 



HoSla 
evolved : 
Sulphide 
Dyestuff. 



16. 



No HgS la evolved. Boil with soap solution and 
white mercerised cotton. 



The white 

cotton is 

stained : 

Thtazol Salt 

Dyestuff. 



le. 



Tlie white cotton is not stained : Mordant or 

Vat Dyestuff. Boil with 90 per cent, formic 

acid. Also test ash for metallic nmrdaiit. 



Colour stripped by 

formic acid. Al 

or Cr In ash : 

Mordant 

Dyestuff. 



17. 



Colour not strlpred 

by formiu acid. 

No morilaut 

in ash : 

Vat Dyestuff. 
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IDENTIFICATION OF DYESTUFFS ON WOOL. 67 

Div. 9. — Alizarine Brown G is a mordant azo dyestufif. 
Div. 10. — Cutch in heavy shades is liable to he slightly stripped by 
Hydrosulphite AX becoming more orange. 



Table XIV. 

General. — The reduction of black colours with Hydrosulphite seldom gives 

rise to a pure white, the shade obtained usually having a brownish or 

greyish tint. 
Divs. 9 and 10. — ^Many salt and mordant blacks bleed when boiled with 

dilute hydrochloric acid, giving blue or violet liquids, but the colour 

of the fibre is little altered. 



CHAPTER VI. 

THE IDENTIFICATION OF DYESTUFFS ON 
VEGETABLE FIBRES. 

In the scheme for the analysis of colours on animal fibres described 
in the previous chapter, the dyeing properties of the colouring- 
matter present on the fibre, i.e. whether " acid," " basic," " mordant," 
"salt," etc., were determined by means of so-called "stripping" 
tests; whilst its chemical relationships were ascertained by its 
behaviour on reduction and reoxidation. 

In applying the same principles to the analysis of colours on 
vegetable fibres (cotton), several initial difficulties are encountered, 
arising more especially from the influence exerted by mordants 
on the properties of the dyestuffs and the difference between the 
affinity of colouring-matters for the two types of fibre. Many 
"basic" dyestuffs, for instance, which' if dyed on wool are easily 
reduced by sodium hydrosulphite, are scarcely attacked by this 
reagent when fixed on tannin-mordanted cotton. Nor can basic 
dyestuffs so fixed be stripped by acetic acid as they can from the 
wool fibre. Further, whilst in the case of wool the leuco com- 
pounds of dyestuffs remain in great part attached to the fibre, 
and can therefore be reoxidised, this is frequently not the case 
with cotton. It is necessary, moreover, to reckon with the fact 
that cotton dyes comprise a larger range of separate groups, some 
of which are not used in dyeing wool, and also that the aoalytical 
scheme must be applicable both to dyed and printed colours. 
The problem presented is therefore a more complicated one than 
the detection of colours on wool, and it is necessary to somewhat 
modify the system employed for the latter, though still retaining 
the same general principles. Owing to variations in properties 
between individual dyestuffs belonging to the same group, which 
are often great, and to the fact that many dyestuffs occupy a more 
or loss intermediate position between two groups both in relation 
to chemical structure and to behaviour, it -is not possible for any 
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scheme of analysis to claim perfect mechanical accuracy, but much 
will always depend upon the skill and experience of the operator. 

In adapting the analytical scheme to vegetable fibres (cotton) 
several points require special attention. Firstly, in order to 
overcome the difficulty introduced by the presence of a tannin 
mordant, it is necessary to remove the latter by boiling with 
caustic soda; and to avoid stripping the dyestuff at the same 
time, the reagent must be saturated with common salt. The 
"basic" dyestuffs are thus left on the fibre in the form of free 
colour-bases, which can then be readily stripped by boiling with 
dilute acetic or formic acid. Although most other colours are 
unaffected by boiling with the " saline caustic soda," as the above 
reagent is termed, some mordant dyes, such as Turkey Red, are 
partially decomposed. In such a case the acetic or formic acid 
extract will usually not have the colour of the dyed material, but 
in order to avoid any possibility of error from this cause, it is 
best, if the colour is appreciably stripped, to add to the acid extract 
a solution of tannin, when a coloured precipitate will result if a 
"basic" dyestuff is present. 

As already mentioned, many "basic" dyestuffs fixed upon a 
tannin mordant do not give leuco compounds upon reduction 
with hydrosulphite, or if the leuco compound is formed, it may 
pass into solution and thus render reoxidation on the fibre 
impossible. To overcome this difficulty, the "basic'' dyestuff is 
transferred to wool and the tests with hydrosulphite and per- 
sulphate are performed on this fibre instead of upon the original 
cotton (for procedure see Chapter V.). The transference of a "basic" 
colour f I'om cotton to wool is very readily and quickly accomplished 
after the removal of the tannin mordant (method later). This 
procedure also affords the further advantage that in the case of 
pale shades the colour can be concentrated from a large piece 
of cotton on to a small piece of wool, and the tests thus rendered 
more distinct. Moreover, if the colour is a mixture, an opportunity 
is possibly offered of effecting a separation, since the different 
components may vary in their relative affinity for the two 
fibres. 

Transference to wool before applying the hydrosulphite and 
oxidation tests is also adopted in the case of " acid " colours. 

The " basic-mordant " dyestuffs (Gallocyanine, etc.), when treated 
with saline caustic soda, followed by dilute formic acid, behave like 
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" basic" dyestufFs, except that they are less completely extracted. 
The acid extracts, though precipitated by tannin, give a finer and 
less distinct precipitate. As a means of distinction from ordinary 
"basic" dyestuffs, use is made of the fact that they are precipitated 
by chromium fluoride. 

With dyestuifs not belonging to the " acid " or " basic " class, the 
reduction and oxidation tests must be performed on the cotton 
fibre itself, preferably before further differentiation. Certain azo 
colours, especially the insoluble azo compounds formed on the 
fibre, exhibit considerable resistance to reduction by the ordinary 
hydrosulphite solutions, and are decolourised very slowly and 
incompletely. To overcome this difficulty, use is made of the 
fact that the reducing power of hydrosulphites is greatly increased 
by the presence of very small quantities of certain colouring- 
matters or other reducible substances. The compounds which exert 
this effect in the most marked degree are Induline Scarlet, Alizarine, 
and Anthraquinone. Of these the last is the most suitable for 
the purpose, since it does not stain the cotton, and when added in 
small quantity to the hydrosulphite solution, slightly acidified with 
acetic acid, gives a reagent (termed " Hydrosulphite BX ") which 
readily effects rapid and complete reduction in all cases. 

It has hitherto not been found possible to devise any certain 
method of distinguishing between the " salt " colours which have 
received no after-treatment and those which have been subsequently 
"fixed" by development, by coupling with diazo compounds, or by 
treatment with formaldehyde, etc. In all these cases white cotton 
is stained more or less when boiled with the dyed material in a 
soap or sodium carbonate solution ; and though the degree of stain- 
ing is often much less with the "developed" or "fixed" colours 
than with the direct dyeings, and may after some practice be 
relied on as a means of differentiation in special cases, e.g. for 
Blacks, no absolute method can be based upon it. It is also obvious 
that since such developed colours do not differ chemically from the 
dyestuffs of the same composition prepared in substance and after- 
wards applied, no method of distinguishing between them by a 
chemical test can be expected. The difficulty is still further in- 
creased by the very large number of individual colouring-matters 
which the group of " salt " dyestuffs now comprises. 

For the identification of " sulphide " colours the production of 
hydric sulphide upon boiling the fibre with stannous chloride is 



IDENTIFICATION OF DYESTUFFS ON COTTON. 71 

employed. As already mentioned, the indications of this test require 
to be accepted with some caution, as there are several possibilities 
of error due to the presence of other sulphur compounds giving 
rise to hydric sulphide upon reduction, such as albumen, bisulphite 
compounds, ultramarine, " antichlor," etc. It should also be noted 
that many "salt" dyestuffs evolve hydric sulphide when boiled 
with stannous chloride, apparently through reduction of sulphonic 
groups. It therefore becomes necessary to exclude the presence 
of "salt" dyestuffs before employing this test for "sulphide" 
colours. 

In the tables which follow later there is given under each 
section a list of the chief dyestuffs it includes. Owing to the 
exigencies of space, and the large number of products now on the 
market, which are constantly augmented by new ones, these lists 
can only be regarded as a guide, and in no sense as a complete 
enumeration of all the colouring - matters belonging to the 
respective sections. 

Reagents. — Weak Am/monia (I : 100). — I c.c. strong ammonia 
to 100 c.c. distilled water. 

Dilute Caustic Soda. — 10 grams caustic soda in 100 c.c. water. 

Saline Caustic Soda. — 10 c.c. caustic soda solution (35 to 40 
per cent. NaOH) to 100 c.c. saturated solution of salt. 

Formic Acid (90 per cent.). — Ordinary commercial strength. 

Weak Formic Acid (I : 100). — I c.c. formic acid (90 per cent.) 
to 100 c.c. distilled water. 

Dilute Hydrochloric Acid (I : 20). — 5 c.c. hydrochloric acid 
(30 per cent.) to 100 cc. of water. 

Soap Solution. — 10 grams soap in 300 c.c. of water. 

Ta/nnin Solution. — 10 grams tannin and 10 grams sodium 
acetate in 100 c.c. of water. 

Bleaching Powder Solution. — Fresh solution at 5° Tw. 

Hyd/rosulphite B. \ g^^ ^g 

Hyd/rosulphite AX.) 

Hyd/rosulphite BX. — Dissolve 50 grams of Eongalite or 
Hydrosulphite NF concentrated in 125 c.c. of hot water. Grmd 
I gram of anthraquinone (precipitated not sublimed) to a fine 
powder, and reduce to a smooth paste with a little of the Rongalite 
solution. Add this paste to the remaining solution hot, and heat 
the whole for one or two minutes at about 90" C. Then dilute 
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with cold water to 500 c.c, and after standing till cold add IJ c.c. 
of glacial acetic acid. Keep in a well-stoppered bottle with greased 
stopper. The reagent should be tested occasionally by trying its 
effect on cotton dyed with Alphanaphthylamine Bordeaux, which 
should be fully discharged after boiling for one or two minutes. 

Persulphate Solution. — A cold saturated solution of potassium 
persulphate, or a 1 per cent, solution of ammonium persulphate. 

Acid Stannous Chloride. — 100 grams stannous chloride to 
100 c.c. hydrochloric acid (30 per cent.) and 50 c.c. water. The 
hydrochloric acid must be free from arsenic. In testing for 
" sulphide " colours this reagent may be replaced if desired by a 
strong solution of titanous chloride. 

Chromium Fluoride Reagent. — A solution of 10 grams chro- 
mium fluoride and 5 grams sodium acetate in 100 c.c. of water. 

Procedure. — General. — All the reactions are performed in test- 
tubes, usually with pieces of material about J to f in. (12 to 18 mm.) 
square, which are just covered with the reagent. The degree of 
stripping is judged by comparing the depth of shade remaining 
against that of the original pattern ; the colour of the stripping 
solution is misleading, and can scarcely be relied upon as a guide. 
In testing the colours of calico prints, the different shades should 
be cut out and the reactions tried upon them separately. With 
cotton and wool or cotton and silk unions the weft is separated 
from the cotton warp and both submitted to examination. Doubt 
may frequently arise- as to how a particular shade should be 
classified, whether, for instance, a reddish blue is to be regarded 
as a blue or a violet. In such cases the tables referring to both 
colours should be employed ; since the same general scheme is 
adopted throughout the tables, this can scarcely give rise to 
difficulty. The same remark applies to possible mixtures ; thus in 
examining a certain green shade, both the yellow and the blue 
tables may require to be used. To distinguish between individual 
dyestufls of the same group, the reactions towards concentrated 
sulphuric acid, caustic soda, etc., may be employed.^ For additional 
confirmation it is well to compare the sample both as to shade and 
reactions with a dyed pattern of the colouring-matter or colouring- 
matters to which it is believed to correspond. 

1 See G. Schultz, Farbstofftabellen, 5 Aufl. ; P. Heermann, Koloristische und 
Textilchemische Untersuchungeii. 
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It is obvious that in many instances the analytical procedure 
may be greatly simplified by exclusion of dyestuffs the presence 
of which is rendered improbable or impossible by the special 
circumstances of the case, e.g. by the material, shade, or mode of 
application. 

Stripping Test for Acid Golov/rs. — A few " salt " dyestuffs are 
partially stripped by weak ammonia, and may thus give rise to 
the impression that they are " acid " colours. To avoid this error it 
is advisable to add a small piece of white cotton when carrying 
out the test. If the dyestuff is an acid one the cotton is either 
not tinted or becomes white on boiling a second time with weak 
ammonia. 

Transference of Basic Colours to Wool. — The tannin mordant 
is first removed, as in testing for a " basic " colour, by boiling the 
pattern for a quarter of a minute with saline caustic soda. It is then 
well washed with cold water (or, if the base is soluble, with salt 
solution) to remove all alkali, and is boiled with a piece of white 
wool (half the size of the cotton or less) in a little plain water for 
one or two minutes. In most cases the dye-base will leave the 
cotton almost entirely, and dye the wool a full shade. If the 
colour does not develop on the wool one or two drops of weak 
formic acid (1 : 100) may be added. In exceptional cases it may be 
necessary to extract the colour with dilute hydrochloric acid (1 : 20) 
carefully neutralising the extract with ammonia before adding 
the wool. 

Transference of Acid Colours to Wool. — The cotton is simply 
boiled with a small piece of wool and weak formic acid (1 : 100). 

Tannin Test for Basic Colours. — Add a few drops of tannin 
solution to the formic acid extract. Shake well, and if the 
precipitate does not form at once allow to stand a few minutes. 
Some colouring-matters, such as the Rhodamines, Gallocyanines, 
and Chrome colours of the Rosaniline series (which contain carboxyl 
or hydroxyl groups in addition to basic groups) only precipitate 
slowly,, whilst the precipitate being more finely divided is sometimes 
difficult to see. 

Bleeding Test for Salt Dyestuffs. — In testing for "salt" dyestuffs 
by the bleeding test, the sample is placed in a test-tube together 
with a smaller piece of white mercerised cotton cloth,- and boiled 
with soap solution for about a minute. The soap solution may be 
replaced by a 5 per cent, solution of sodium carbonate. 
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Lead Acetate Test for Sulphide Colours. — The sample is just 
covered with Acid Stannous Chloride solution. The mouth of the 
test-tube is closed by a cap of filter-paper closely wrapped round 
it, into the centre of which is placed by means of a glass rod one 
drop of lead acetate solution. The contents of the test-tube are 
slowly heated to the boiling-point, when a blackish-brown stain of 
lead sulphide appears if a "sulphide" colour is present. The brown 
spot will again disappear on boiling the solution longer, owing to the 
decomposition of the lead sulphide by the hydrochloric acid evolved. 
In order to avoid the possibility of error through extraneous 
sulphur present on the cotton, the pattern should be previously 
boiled for half a minute with 10 per cent, caustic soda and then 
well boiled with water. It must, however, be borne in mind that 
the indications of the " sulphide " dyestuifs are rendered less sharp 
by this latter treatment. It is important to pay special attention 
to the cleanliness of the test-tubes employed for this test, as tubes 
which have been previously used for hydrosulphite reductions 
acquire a thin invisible deposit of sulphur upon their walls, which 
on boiling with stannous chloride gives rise to hydric sulphide 
and thus may lead to error. It is best to keep a special test-tube 
for this test alone. 

Reduction and Reoxidation Tests. — The reduction with Hydro- 
sulphite BX is carried out by boiling the sample with the reagent 
for from a minute to a minute and a half. The azines, thiazines, 
oxazines, etc., and most of the azo dyestuifs are fully reduced in 
about half a minute, but the insoluble azo colours and some salt 
dyestuffs require longer boiling to complete their reduction. In 
testing the reoxidisability by air, the reduced sample may be 
exposed to the fumes from an ammonia bottle, which in many 
cases accelerates oxidation. 

Tests for Vat Dyestuffs. — For further particulars see Green 
and Frank, Journal of the Society of Dyers and Colov/rists, 
1910, p. 83; also Grandmougin, Tabellarische Uebersicht der 
Kwpenfa/rhstoffe. 
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TABLE XVI.— RED COLOURS. 



Boil with weak ammonia (1 : 100). 



The colour ia Btripped : 

Add Dyestuir. 
Transfer to wool unci boil 
with Hydrosiilplilte AX. 



Not 

decolourised : 

Pypone Class. 



Decolourised. 
Colonr not 
restored by 

air or 
persulphate : 
Azo Class. 



The colour Is not stripped. Boil for a quarter of a minute with saline caustic soda, rinse with cold water, and boil for one minute with water and one op two drops of weak formlo aold (1 : 100). 



The colbur is completely or largely stripped, giving a coloured 

acid extract, which is precipitated by tannin solution : 

Basic Dyestuff (on tannin or other mordant). 

Transfer to wool and boil with Hydrosnlphlte AX. 



Wool not 

decolourised: 

Pypone Class. 



Wool 

decolourised. 

Colour returns 

on exposure 

to air : 
Azlne Class. 



Wool decolourised. 

Colour does not 
return on exposure 
to air, but is re- 
stored by persul- 
phate : 
Tplphenyl- 
methane Class. 



Wool 

decolourised. 

Colour not 

restored by air 

or by 
persulphate : 
Azo Class. 



A coloured acid extract precipitnble by tasoin la not obtained. Reduce original fibre with HydroaiUphlte BZ. 



Decolourised and colour not restored by air or by persulphate : 
Azo Class. Boil with soap solution and white mercerised cotton. 



The white cotton is stained : 

Salt Dyestuff. 

Teat ash for Cr and Cu. 



No Cr or Cn 

present ; 

Azo Salt Dyestuff. 
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The white cotton is not 
italned. Boll with pyridine. 



Cror Cu 
present : 
Azo Salt 
Dyestuff 
after-treated. 



The colour is 

stripped : 

Insoluble Azo 

Colour. 



The colour is 
not stripped. 

Cr in ash : 
Mordant Azo 

Dyestuff. 



Beoomaa yellow or colourleaa. 

Colour leturna on exposure to air : 

Azlne or Indigo Class. 

Apply lead acetate test. Also 

beat fibre In dry tube. 



HgS la evolved 
Sulphide 
Dyestuff. 
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15 
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n cu 
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H 
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PS 
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No HaS la evolved. 

Bed vapours on 

heating : 

Indlgold 

Vat Dyestuff. 



Colour changed 

to gresnlsE 

yellow (not 

restored to 

original oolour 

by air), wbkjh 

can be diaiotlaed 

and developed 

red with 

betanaphthol : 

PrlmUllne 

Azo Colour. 



Colour unaffected or changed to maroon 

or brown. Original colofir restored on 

axpoaure to air : Anthracene Class. 

Boll with BO par cent, formic acid. Alao test 

Mb for mordant. 



C(duar 
atctppadby 
tomifi! acta. 
Allnash: 
Anthfftcene 
'M«rd«nt 



Colour but little affected by 
formic add. 



Cr In ash : 

Anthracene 

Mordant 

Dyestuff. 



Cr absent: 

Anthracene 

Vat 

Dyestuff. 
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TABLE XVII.— PURPLE AND VIOLET COLOURS. 



Boll with weak ammonia (1 : 100). 



The colour is etripped : 

Acid Dyestuir. 

The colour transferred 

to wool is decolourised 

by Rydrosulphlte A. 

and restored by 

peraulphate : 

Triphenylmethane 

Class. 



The colour la not stripped. Boil tor a quarter of a minute vith saline cauatio soda, rinse with cold water (or salt solution), and boil tor one minute with water and one or two drops of weak formic acid (1 : 100). 



The colour is completely or large); stripped, giving a coloured acid extract, whiob is 

preotpitated by tannin solution : Basic Dyestufr(on tannin or other mordant) or 

Basic Mordant Dyestuif. Add chromium fluoride reagent to the extraot. 



The 

ammoniacal 

solution is 

cotourltfSB, 

but becomes 

blue on 
acidifying. 



Not precipitated : Basic Dyestuif. 
Transfer to wool and boil with Hydrosulpbite AX. 



The 

ammoniacal 

solution 

s violet. 



Not 
decolour- 
ised: 
Pypone 
Class. 



Decolourised. 

Colour 
returns on 
exposure to 
air; Azlne 
(Oxazine or 
Thlazlne) 
Class. 



Decolourised. 
Colour does 
not return in 
air, but is 
restored by 
persulphate: 
Triphenyl- 
methane 
Class. 



Decolourised. 

Colour is 
not restored 
by air or per- 
sulphate : 
Azo Class. 



Precipitated. Or is present in ash : 

Basic Mordant DyestuflT. 
Boil cotton with Hydrosulpbite BX. 



Decolourised. 

Colour 

returns on 

exposure to 

air : Oxazine 

Class. 



Decolourised 

only slowly. Colour 

does not return in 

air, but is restored 

by persulphate : 

Tplphenylmethane 

Class. 



A coloured acid extract precipitable by tannin Is not obtained. Beduce original fibre with Hydrosulphite BX. 



Decolourised and colour not restored by air or persulphate: 

Azo Class or Alizarine on Iron (decolourised slowly). 

Boil with soap sulution and white mercerised cotton. 



The white cotton is 

stained : Salt Dyestuif. 

Test ash tor Cr and Cu. 



No Cr or Cu 
present : 
Azo Salt 

Dyestuff. 



Cr or Cu 
present : 
Azo Salt 

Dyestuif 
after- 

treated. 



The white cotton is not stained. 
Boil with hydrochloric acid (1 : SO). 



Colour 

destroyedi 

giving yellow 

solution. 

Fe present in 

ash : 

Alizarine Red 

on 
Fe Mordant. 



The colour is not stripped. 
Boil with pyridine. 



The colour is 

stripped. 

Insoluble 

Azo Colour. 



The colour is 

not stripped. 

Cr present in 

ash : Mordant 

Azo Dyestuff. 



Decolourised or yellowish. Colour restored 

on exposure to air : Azine, Oxazine, 

Thlazlne, or Indlgold Classes. Apply 

lead acetate test. Also heat fibre In dry 

test-tube. 



HoSis 

evolved : 

Sulphide 

Dyestuff. 



No B«S la evolved. 
Teat ash toi mordant. 



Cr is present. No 

coloured vapoun 

on heating : 

Kordant 

Oxazine 

Dyestuff 

(not tailing la 

group 7). 



CrlB absent. 

Coloured 
vapours on 
° beaming: 

IndlKold 
Oyeatuff. 



The colour is unaffected or only changed 

in shade, being restored to original on 

exposure to air: Pypone or Anthracene 

Class. Test ash tor mordant. 



AI or Cr is present : 
Mordant Dyestuff. 



The colour 
on reduo- 

tion is 
unchanged. 



The colour 
on reduo- 

tion is 
browner or 

darker. 



Mordants are absent. 
Apply lead acetate titst. 



HoSia 
evolved : 
Sulphide 
Dyestuff. 



NoHiiSiB 
evolved : 
Anthra- 
cene Vat 
Dyestuff. 
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TABLE XVIII.— BLUB COLOURS. 



Boil with weak ammonia (1 : 100). 



The colour Is stripped : 

Aold Dyestutf 

(or FruMlan Blfla). 



The extract !• 

GOlourleBt, but 

beooinet blue on 

acidification. 

TroDiferred to 

wool, the blue 1b 

decolourised by 

Hydroaulphite 

A, and reitored 

by pei'BUlphate : 

Trlphenyl- 

methane 

Class. 



The 
extract 

iB 

colourlesB 

and 
remains 
Boon 
acidifica- 
tion. 
FeClg 
elves a 
blue pre- 
cipitate. 



The colour Is not stripped. Boll for a quarter of a minute with saline caustic soda, rinse with cold water (or salt solution), and boil tor one minute with water and one or two drape of weak formic acid (1 : 100), 



The colour Is completely or largely stripped, giving a coloured acid extract, 

which is precipitated by tannin solution : Basic Dyestulf (on tannin or other 

mordant) or Basic Mordant Dyestuff. Add chromium 

fluoride reagent to the extract. 



Not precipitated : Basle Dyestulf. 
Transfer to wool and boll with Hydrosulpliite AX. 



Decolourised. 

Colour returns on 

exposure to air ; 

Aztne, Oxazlne, or 

Thlazloe Class. 



Colour 

changes to red 

Just before 

being 
decolourised. 

Colour 
returns violet 

or blue : 

Safk-anlne 

Azo Byestuff. 
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Decolourised. 

Colour 

does not return 

on exposure 

to air, but 

is restored by 

persulphate : 

Tplphenyl- 

methane 

Class. 
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Precipitated. 

Cr present In ash : Bnslo 

Mopd£int Dyestuff. 

Boil cotton 

with Hytlrosulphtte BX. 



Decolourised. 

Colour returns 

on exposure 

tn air : 

Oxazlne 

Class. 



Decolourised 

slowly. Colour 

restored 

only by 

persulphate : 

Tpiphenyl- 

methane 

Class. 
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A coloured acid extract preclpltable by tannin Is not obtained. Seduce origiual fibre with Hydrosulphlte BZ. 



Decolourised and colour not restored by air or 

persulphate : Azo Class. 

Boil with soap solution aiid white mercerised 

cotton. 



The white cotton is stained ; 


Salt Dyestuff. 


Test ash for Cr and Cu. 




Cr or Cu 


No Cr or Cu 


present : 
Azo Salt 


present : 


Azo Salt 


Dyestuff 


Dyestuff. 


after- 




treated. 
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The white 

cotton is not 

stained. 

Colour is 

stripped by 

bailing 

pyridine : 

Insoluble 

Azo Colour. 
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Decolourised or yellowish. Colour is 

restored on exposure to air : 

Azine, Oxazlne, Thlazine, or indigo 

Class. Apply lead acetate test. 



HgSis 
evolved : 
Sulphide 
Dyestuff. 



No HgS is evolved. 

Heat fibre carefully in dry 

test-tube. 



Violet 

vapours 

evolved : 

Indlgold 

Dyestuff. 



No coloured 

vapour. 

Cr in ash : 

Mordant 

Thiazine ur 

Oxazlne 

(not falling in 

group 6). 
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Colour 
changed to 

Sreenish 
ayr, which 
can be 
dlaxotlsed 
and developed 

red with 

betanaphthol : 

PrlmuUne 

Azo Colour. 



Colour nnaffeoted or becomes darker, browner, etc., the 

original colour being restored on exposure to air : 
Anthracene Mordant ur Anthracene Vat Dyestulf 
(also Ultpamartne). Boil with 80 per cent, formic add. 



The colour Is stripped. Al 
in ash. Apply lead acetate test. 



HgSiB 

evolved. 



1«. 



16. 



N0H9S 

evolved : 

Alizarine 

Dyestulf 

on Al. 



The colour is uot much 
affected. Test ash for Cr. 



Cr present 

in ash: 

Alizarine 

Dyestuff 

onCr. 



Cr absent ; 

A nthracene 

Vat Dyestuff. 
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TABLE XIX.— GREEN COLOURS. 



Boll with weak ammonia (1 : 100). 



The colour 1b 
stripped : 

Add 
Dyestuir. 
The colour 
transferred 
to wool Is 

decolourised 
by Hydro- 
sulphite A 

and restored 
by 

persnlphate : 

Trlphenyl- 

methane 

Class. 



The colour Is not stripped. Boll for half a minute with saline caustic soda, rinse, and boil twice with weak formic acid. 



The colour is completely or largely stripped, giving a coloured 

ucid extract, which is precipitated by tunnin solution ; 

Basic Dyestuff (on tannin nr other nioidant) or Basic Mordant 

Dyestuff. Add chromium fluoride to the extract. 



Not precipitated : Basic DyestuiT. 
Transfer to wool and boil with Uydrosulphlte AX. 



Decolourised. 

Colour returns 

on exposure to 

air: Azine, 

Oxazlne, 

or Thiaztne 

Class. 



Colour becomes 
red just before 
being decolour- 
ised. Colour 
returns violet 
or green on 
exposure to 

air : 
Safranlne 
Azo Class. 






K 



Decolourised, 
Colour does not 

return on 
exposure to air, 
but is restored 

by 

persulphate : 

Tnlphenyl- 

metliane 

Class. 



u 

a lis 
o « 






Precipitated. 

Cr in ash, 
Fihre decolour- 
ised by Hydro- 
sulphite BX, the 
colour not return- 
ing in uir, but 
restore'-i by 
persulphate : 
Trlphenyl- 
methane 
Class. 



S5 

M 
O 

B 
S 
O 
M 



A coloured acid extract preclpitable by tannin is not obtained. Beduce original Abre with Eydroaulphlte BX. 



Decolourised and colour not restored \)y air or 

persulphate : Azo or Nltroso Class. 

Boil with soap solution and white mercerised cotton. 



The white cotton is 
stained : Salt DyestuiT. 
Test ash for Ur and Cu. 



Cr and Cu 

absent: 

Azo Salt 

Dyestuff. 









The uiiite cotton is not 

stained. Boil with 
hydroclilui'io acid (1 : 20). 



Cr or Cu 


Colour 


present: 


destroyed. 


Azo Salt 


Fe is present 


Dyestuff 


in the ash : 


after- 


Nltroso 


treated. 


Class. 



Not 

decolourised. 

Or is present 

in the ash : 

Mordant 

Azo 
Dyestuff. 



The colour is 
changed to 
greenish 
yellow, not 
restored to 
green by air, 
which can be 

diazotised 

and developed 

red with 

beta- 

naphthol : 

Ppimullne 

Azo Class. 



Decolourised. Colour 

returns on exposure to air ; 

Azine, Oxazlne, or 

Thiazine Class. 

Apply lead acetate test. 



PS 

o 
o 
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O 



HaSls 
evolved : 
Sulphide 
Dyestuff. 
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No HaS is 

evolved : 

Mordant 

Oxazlne (or 

Thiazine). 



^he colour Is unaffected or changed to red, brown, blue, etc. Test ash fur Cr and Nl. 



The ash contains Cr br Ni : 
Anthracene Mordant Dyestuff. 



Reduced 

ooloiiT is 

brownish red. 

Green " 

restored by 

persulphate, 

but not by air. 

Boiling BCl 

(1 : !0) gives 

bright green 

solution. 



Reduced colour is brown. Green 
shade returns on exposure to air. 
Boil with hydrochloric acid (1 : iO). 



Colour 

unatfected. 

.Solution 

colourless, 

Cr hi ash. 



Colour of 
Ubre be- 
comes grey, 
solution red, 

Ni in ash. 



Colour of 

fibre rather 

paler, solution 

brownish 

yellow. 



No Cr or Ni present in ash : 
Anthiwcene Vat Dyestuff. 



Reduced 

C'.lour. is 

brownish 

olive. HjS 

evolved on 

aiiplying 

lead acetate 

test. 



Reduced 

. colour is 

dai'k 

maruon. 

Green shade 

reitoi'ed 

by air. 



Reduced 

colour is 

blue. 

Green shade 

restorad 

by air. 
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Bn 

01^ 

Ind 
Dy< 
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TABLE XX.— BROWN COLOURS. 



Boil with weak ainmoiiia (1 : 100). 



Tlie colour is not stiipiied. Boll for half a inlniite with saline caustic soila, rinse, and boil twice with weak formic acid (1 : 100). 



The colour la 

stripped : 

Acid Dyestuff. 

Transferred to 

wool It Is 

permanently 

decolourised l)y 

Hydrosulphite 

AX: 

Azo Class. 



The colour Is 

stripped, giving 

acid extract 

which is 

precipituted by 

tannin 

solution : 

Basic Dyestuff. 

The dyestutr 

transferred to wool 

Is permanently 

decolourised by 

HydroBulphite 

AX: 

Azo Class. 



A coloured acid extract precipitable by tannin is not obtained. Redm-e ori>;inal fibre with Hydrosuljihite BX. 



Deoolouriseil mid c<tIotir not restored on exposure to nir or ity persulphate : 
Azo Class and Mineral Colours. Boil with soap solution and white nieroerisud cotton. 



The white cotton ia stained : 

Salt Dyestuif. 

Test ash for Cr and Cu. 



Or and Cu 

absent : 

Azo Salt 

Dyestuff. 



P » 



Cr or Cu 
present : 
Azo Salt 
Dyestuff 
after- treated. 



P 
w 



The white cotton is not stained. Boll with pyridine. 



The colour is stripped : 
Insoluble Azo Colour. 

Test ash for Cu. 



Cu absent. 



Cu present. 



The colour is not stripped : 
Mineral Colour. 

Trent with sodium bisulphite 
in the cold. 



Decolourised. 



Not 

decolourised. 



The shade i.« 
changed to 
greentsii yellow, 
which can l)e 
dlazotised and 
developed red 

with 

betaniiphthol : 

Prlmullne Azo 

Colour. 



Decolourised 

and original 

colour restored 

by air : 

Indigold 

Class. 
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Unaltered or changed in slinde, lieconiing dniker, paler, yellower, etc. 
Apply lead iicftato test. 



H..3 is 
evolved : 
Sulphide 
Dyestuff. 
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No HaS Is evolved. Test ash for Cr and Cu. 



Cr or Cu (or both) present : 
Mordant Dyestuff. Boil with HCl (1 : 20). 



Completely 
stripped. 



12. 



'A 



Not stripped or only slightly. 

Boil with dilute caustic 

suda (10 per cent.). 



Fibre and 

solution 

dull violet. 



Solution brown, 

fill re 

unatlected. 
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Cr and Cu 

absent ; 

Anthracene 

Vat Dyestuff, 

etc. 
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TABLE XXL— BLACK AND GREY COLOURS. 



Boil with wealc ammonia (1 : 100). 



The colour Is 

stripped : 

A old Dyestuff. 

The dyestuff 

transferred to 

wool and boiled 

with Hydro. 

sulphite AX 

is permanently 

decolourised : 

Azo Class. 



The colour is not stripped. Boil with dilute hydrochloric acid (1 : 6). 



The colour Is stripped. 



Fibre and 

solution 

colourless. 



Solution 

orange. 

Fe In ash. 



Solution 

red. 
Crin ash. 



The colour is not stripped (or only slightly). Boil for one minute with saline caustic soda, rinse, and boll with water and dilute hydrochloric acid (1 : 20). 



The colour is largely stripped and 

the acid extract is precipitnted by 

tannin solution : Basic Dyestuff. 

Transfer to wool and boll with 

Hydrosulphite AX. 



Decolourised. 
Colour returns on 
exposure to air : 
Azine, Oxazlne, 

or 
Thiazlne Class. 



Colour becomes 

red just before 

being decolourised. 

Violet or violet 

blue colour 

returns in air : 

Safi-anlne Azo 

Class. 
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A coloured acid extract precipitnble by tannin is not obtained. Reduce original fibre with Hydrosulphite BX. 



Decolourised and colour not restored by air or 

persulphate : Azo Class. 

Boil with soap solution and white mercerised cotton. 



The white cotton is stained. 
Test ash for Or and Cu. 



Cr and Cu 

absent : 

Azo Salt Dyestuff. 



Cr or Cu 

present : 

Azo Salt Dyestuff 

after-treated. 



Tlie wliite cotton 

is not stained. 

Colour is stripped 

by boiling 

pyridine ; 

Insoluble Azo 

Colour. 



Decolourised 

ami colour 

restored 

by air. Gives 
violet 
vapours on 
heating in 
dry tnlie : 
Indlgoid 
Dyestuff. 
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The colour Is unaffected or changed in shade (becoming brown, maroon, etc.). 



1'he reduced colour is brown, bxit is 

rapidly restored to black on exposure 

to air :' Azine, Oxazlne, or Thiazlne 

Class. Apply lead acetate test. 



HoS is evolved. 

Fibre becomes 
colourless or pale 

bulT on boiling 

with blencldng 

powder solution 

6° Tw. : Sulphide 

Dyestuff. 



No H2S is evolved. 

Fibre becomes 
reddisll brown on 

boiling with 

bleacliing powder 

solution 6° Tw. : 

An Oxidation 

Black. 
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The reduced 
colour is brown. 
Only slowly and 

imperfectly 

restored to black 

by air, but at once 

by persulphate. 

Cr present in 

ash : 

Naphthalene 

Mordant 

Dyestuff. 



18. 



Colour not changed by reduction 

(or very slightly) : 

Anthracene Class. 

Test ash for Cr. 



Cr present : 

Anthracene 

Mordant 

Dyestuff. 



Cr absent : 

Anthracene 

Vat 

Dyestuff. 
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Notes on the Analytical Tables. 

Table XV. 

Div. 1. — Brilliant Yellow is largely stripped by weak ammonia, but if white 

cotton is present it will be stained. 
Div. 2. — Sulphide Yellows of the thiazol class, such as Katigene Yellow 2G, 

Pyrogene Yellow, etc., stain white cotton slightly when boiled in soap. 
Div. 3. — Auramine G is almost completely stripped by saline caustic soda, and 

the formic extract therefore gives no precipitate with tannin solution. 
Div. 4. — Diamond Flavine, if not fully fixed, may stain cotton from a soap 

solution. 
Div. 5. — Helindone Yellow and Helindone Orange give yellow vapours on 

heating the fibre in a dry tube. Upon reduction with Hydrosulphite 

BX, Helindone Yellow becomes olive, Helindone Orange colourless. 
Div. 6. — Indanthrene Yellow (Flavanthrene) is reduced by Hydrosulphite 

BX to a blue, Indanthrene Golden Orange remains unchanged. 

Table XVI. 
Div. 1 . — Janus Claret Red does not transfer to wool very easily. 

Table XVII. 

Div. 1. — Alizarine on chromium becomes rather browner on reduction with 
Hydrosulphite BX. 

Table XVIII. 

Div, 1. — Alkali Blue dyed on a tannin and tin mordant is only partly stripped 
by weak ammonia, the solution being colourless. 

Table XIX. 

£)iqj_ 1. — Greens of the nitroso group (Gambines, etc.) may become black on 
reduction if the Hydrosulphite BX is insufficiently acid (formation of 
ferrous sulphide). 

Table XX. 

Div. 1. — Iron Buff and Khaki may become black on reduction if the Hydro- 
sulphite BX is insufficiently acid (formation of ferrous sulphide). 

Table XXI. 

Div. 1. — Chrome Black (By) becomes light brown on reduction with Hydro- 
sulphite BX, and persulphates change the colour to dark brown but 
not to black. 

Div. 2.— Alizarine Black S [M] returns rapidly after reduction and gives 
the sulphide reaction with stannous chloride. It therefore appears to 
fall into Division 10. 



CHAPTER VII. 

THE ANALYSIS OF INDIGO IN SUBSTANCE AND 
UPON THE FIBRE. 

Indigo, on account of its fastness to light and washing, beauty of 
shade and other special properties, has long held a predominant 
position amongst blue dyestuifs. In view of this importance and 
of its high price much attention has been given to devising means 
for accurately estimating the amount of the pure colouring-matter 
present in commercial Indigos or upon dyed materials. In the 
pages which follow no attempt will be made to enumerate or 
review the numerous methods which have been proposed by 
different authors for these purposes, but attention will be confined 
to a description of those processes which in the author's experience 
have proved most valuable for practical use. 

Valuation of Commercial Indigos. 

Synthetic Indigo, which now forms the chief source of supply, 
comes into commerce in the form of a fine powder containing from 
96 per cent, to 98 per cent, of pure Indigo (indigotine). It is also 
sold as a thin paste containing 20 per cent, of dyestuff, or in the 
form of a concentrated solution of the leuco compound (" Reduced 
Indigo "). Natural Indigo is less pure and is generally imported 
into Europe in the form of lumps or cubes containing, according to 
its place of origin, from 30 per cent, to 75 per cent, of indigotine. 
Thus Java Indigo contains on an average from 65 per cent, to 75 
per cent., Bengal Indigo from 60 per cent, to 65 per cent., and Madras 
Indigo from 30 per cent, to 40 per cent, of indigotine. The remain- 
ing constituents of natural Indigos are Indigo Red (indirubine), small 
quantities of certain brown and yellow colouring-matters, glutinous 
materials and mineral matter (clay and sand). The indirubine in 
Indian Indigos does not usually exceed 1 or 2 per cent., but in 
Java Indigo is frequently higher. 

Chemically pure Indigo or indigotine crystallises in purplish- 

76 
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blue needles having a coppery reflex. It is insoluble in water, 
alcohol, dilute acids, and alkalies. In glacial acetic acid, pyridine, 
phenol, cresol, aniline, and nitrobenzene it dissolves upon heating, 
but crystallises out again in great part on cooling. Upon strong 
heating it sublimes, forming a violet vapour which condenses to a 
crystalline deposit on the cool sides of the tube. 

The most convenient methods of estimating indigotine in 
commercial Indigos are those which depend upon its oxidation to 
isatine according to the equation : — 

/CO. /CO. / /CO. \ 

OeH/ >C = C< >CeH4 + 0a >2(0eH/ >CO) 

For effecting this oxidation a standard solution of potassium 
permanganate is employed, the reaction with which should pro- 
ceed theoretically according to the equation: — 

sf C^hZ No : C/ \C^^ + 4Kmn04 + GHjSOi 

=10(O8H4/ NCOJ + 41UJ1SP4 + 2K2S04 + 6H20 

In order to render the Indigo soluble in water it is first converted 
into a disulphonic acid (Rawson), or into a tetrasulphonic acid 
(Bloxam). The product of oxidation is therefore isatin-mono- or 
di-sulphonic acid. On account of the high dilution, or for other 
unascertained reasons, the reaction does not take place strictly in 
accordance with the above equation, and a factor is therefore used 
which represents the results obtained experimentally with pure 
indigotine under the same conditions. This factor varies somewhat 
with the method of analysis employed. 

I. Disulphonic Acid Method (Rawson ^). — 05 gram of the Indigo 
in fine powder, dried at 110°, is weighed into a small beaker, and to 
it are added about 3 grams of white quartz sand and 20 c.c. of pure 
concentrated sulphuric acid. After mixing with a glass rod, the 
beaker and its contents are placed in a water oven and heated at a 
temperature of 70° to 75° C. for an hour, the mixture being mean- 
while occasionally stirred. The sulphuric acid solution is then 
poured off from the sand into a half -litre flask, the sand remain- 
ing washed with water and the whole diluted to about 400 c.c. 

1 C. Kawson, /. Soc. Dyers and Gols., 1885 pp. 74 and 201 ; /. Soc. Chem. Ind., 
1889, p. 251. 
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10 c.c. of a 10 per cent, solution of barium chloride are then added 
and the whole made up to 500 c.c. The barium sulphate formed 
settles quickly and carries down with it impurities present in the 
Indigo which would otherwise mask the end point of the titration. 
After standing for half an hour, 50 c.c. of the clear solution are 
drawn off, diluted with 300 c.c. of distilled water, and titrated with 
N/50 potassium permanganate (0'632 gram per litre). The end 
point is obtained when the solution has a pale yellow or orange 
colour free from any bluish or greenish tint. The quantity of 
indigotine present is given by the factor: 1 c.c. N/50 KMn04 = 
000147 gram indigotine. 

With natural Indigos containing more than 1 or 2 per cent, of 
indirubine the end point instead of being yellow is orange or red, 
which tint, however, changes to yellow upon further addition oi. 
permanganate. It is possible in this manner to estimate approxi- 
mately the amount of indirubine present. For more exact estima- 
tion of the latter the colorimetric method given by Perkin and 
Bloxam is to be followed. 

II. Tetrasulphonic Acid Method (Bloxam i). — 1 gram of the 
powdered Indigo, dried at 110°, is weighed out into a small spouted 
beaker. 2 or 3 grams of white quartz sand are added, and 5 c.c. of 
fuming sulphuric acid (20 per cent. SO3 for fairly pure Indigos 
or 25 per cent. SO3 for crude Indigos). The mixture is stirred with 
a short glass rod, then covered with a watch glass and heated in the 
water oven for three-quarters of an hour at 96° to 98°, stirring at 
intervals. After cooling, the sulphonic acid solution is transferred 
to a 500-c.c. flask containing a little water, and to it is also added 
the washings of the beater, glass rod, and sand. The whole is then 
made up to 500 c.c. 100 c.c. of this solution are placed in a conical 
beaker, together with 100 c.c. of a solution of potassium acetate 
containing 450 grams per litre. The mixture is heated just to the 
boiling-point in order to dissolve the precipitate first formed, then 
cooled at once in running water, and finally allowed to stand for 
an hour upon ice. If the acetate solution is boiled for any length 
of time there is a liability for destruction of Indigo to occur. The 
potassium tetrasulphonate, which separates out upon cooling as a 
crystalline precipitate, is collected in a Gooch crucible and washed 
with an ice-cold solution containing 225 grams of potassium acetate 



' W. P. Bloxam, /. Soc. Ohem. Ind., 1906, p. 735 ; 1907, p. 1174. 
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and 12| grams of glacial acetic acid per litre. If the Indigo is pure, 
the filtrate is nearly colourless, or at moat has only a pale blue 
tint. With impure Indigos the colour of the filtrate will depend 
upon the character of the impurities ; thus if indirubine is present 
a red filtrate is obtained. The Gooch crucible containing the 
tetrasulphonate is now placed in a funnel, resting in the neck of 
a 200-c.c. flask, and the contents are washed out with hot water, 
adding any precipitate which may have remained adhering to the 
conical beaker. The whole is then made up to 200 c.c. 20 c.c. 
of this solution are transferred to a shallow porcelain dish, 
acidified with 0'5 c.c. of pure concentrated sulphuric acid, diluted 
with 80 c.c. of water, and titrated with a potassium permanganate 
solution containing 1 gram KMn04 per litre. The quantity of 
indigotine present is given by the factor: 1 c.c. of O"! per cent. 
KMnO^ = 0'00222 gram indigotine. If the titration is efiected with 
N/50 KMnO^, the required factor will be: 1 c.c. N/50 KMn04 = 
000140 gram indigotine. 

Although the tetrasulphonic acid method is not as rapid as the 
disulphonic acid method, it is capable of greater exactitude and is 
to be preferred when impure Indigos are to be estimated. In such 
cases the end point is often uncertain and difficult to ascertain 
with precision unless the impurities are first removed. With 
Indigos of high purity the two methods agree well. In the case 
of both methods, howevet, the presence of starch in the product 
may lead to erroneous (too low) results. In such case it is 
necessary to previously boil the sample with dilute hydrochloric 
acid (4 per cent. HOI) for an hour before proceeding to the 
analysis. 

Testing of Indigo-dyed Woollen Materials. 

The prevalent practice of "topping" or "bottoming" Indigo- 
dyed materials with other colouring-matters, . which frequently 
possess a smaller degree of fastness, has called forth an urgent 
necessity for methods of ascertaining the quantity of Indigo 
present on such dyed materials and of investigating their other 
constituents. The above custom derives a certain justification from 
the demand of the public for reddish navy blue shades not easily 
dyed with Indigo alone, or for colours of a fastness to rubbing 
which is very difficult to secure with pure Indigo. At the same 
time the practice has led to great abuses, and large quantities of 
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cloth are sold as " guaranteed Indigo dyed " or " guaranteed pure 
Indigo " in which only a small fraction of the total dyestuffs is 
actually Indigo, whilst in some cases none at all is present. Where- 
as formerly only a few dyestuffs were used for "topping" or 
" bottoming " Indigo blues, an enormous range of colouring-matters 
are now employed for this purpose, some of them red, some violet, 
and some blue. The analysis of such mixtures has therefore 
become a very complicated matter, and the simple tests which were 
formerly in vogue can no longer be trusted to give any reliable in- 
formation. Thus the "nitric acid spot" test, still largely relied 
upon by merchants, which depends upon the production of a bright 
yellow spot with a green rim when the dyed cloth is touched with 
a drop of concentrated nitric acid, is given, not only by Indigo but - 
also by a number of substitutes, so that its indications are absolutely 
fallacious. Similarly, the "boiling off" with dilute hydrochloric or 
sulphuric acids, which was formerly considered to remove from 
the fabric all dyestuffs other than Indigo, is now no longer to be 
depended upon, since many of the " acid " and " mordant " dyestuffs 
used in conjunction with Indigo are unaffected by this treatment, 
and hence would be regarded as Indigo. At the same time, these 
older tests may be found of service when used together with the 
newer methods to be described later. 

The methods hitherto proposed for the quantitative estimation 
of Indigo upon animal fibres by extraction with glacial acetic 
acid, acetic-sulphuric acid, or hydrosulphite, are mostly un- 
satisfactory, since they do not afford a reliable means of accurately 
estimating the quantity of Indigo in the presence of other 
dyestuffs. They are also tedious and slow to carry out, whilst 
they are liable to be rendered inaccurate by the contamination 
of the extracted Indigo with decomposition products of the wool 
fibre. These difficulties are overcome by the employment of the 
methods worked out by Green, Gardner, Lloyd, and Frank.^ 

It is clearly of importance not only to be able to estimate 
the Indigo present upon a textile material, but also to deter- 
mine the relative proportion of the total shade attributable to 
Indigo and that due to other dyestuffs accompanying it. 
Furthermore, it is desirable to ascertain whether the associated 

1 All investigation carried out on behalf of the Textile Institute by A. G. 
Green, W. M. Gardner, L. L. Lloyd, and G. H. Frank, J. Soc. Dyers and Ools., 
1913, p. 226 i 1914, p. 16. 
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dyestuff or dyestuflfs are fast to light, washing, and wear. The 
subject may therefore be considered under three heads, namely: 
(a) estimation of Indigo on the fibre; (6) determination of the 
relative colour eflfect due to Indigo and to concomitant dyestufi"; 
(c) examination of the concomitant dyestuflf. 




Various forms of inner tube. 





VJ' 



K^ 



Foi-m B. 



FonA C. 



Form A. 

B.— Boiling flask, 

F.— Jacket tube. 

C— Condenser, 

fi— Funnel tube. 

p.— Glass points fixed on to furnish pas.sage for vapour 
round the inner tube, 

o.— Overflow for liquid. 
Fig. 1. — Lloyd's Extraction Apparatus. 



A. Estimation of Indigo on the Fibre.— The most suitable 
means of extracting Indigo from the wool fibre for purposes of 
analysis consists in the employment of pyridine and in effecting 
the extraction at the boiling-point of the solvent. In the 
method hitherto employed, the extraction was effected in an 
ordinary Soxhlet extractor (usually with glacial acetic acid) 
Under these conditions the operation is unduly prolonged, 

6 
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thus increasing the action upon the wool substance, whilst the 
extraction is frequently incomplete by reason of the fact that 
the solvent is much below its boiling-point when it comes in 
contact with the fibre, which through the long treatment has 
become shrunk and impervious. This difficulty is overcome by 
using the modified form of Soxhlet apparatus shown in fig. 1, by 
means of which the extraction can be effected at the boiling-point 
of the solvent. The apparatus consists of an outer tube, connected 
with a Liebig's or air condenser, in which is placed an inner tube 
containing the cloth or yarn. This inner tube may have the 
various forms shown (A, B, or C). 

The weight of cloth or yarn to be taken for gravimetric 
estimations varies from 3 to 15 grams, i.e. a sufficient quantity to 
give from 003 to O'lO gram of Indigo. The material is packed 
loosely into the inner tube: if packed too tightly Indigo may 
separate in a crystalline form on the interior surface of the tube 
and is only slowly redissolved. In the apparatus of form A, the 
hot extract is syphoned intermittently into the distilling flask. 
With form B, the solvent is directed to the bottom of the tube 
by means of a long funnel, and then rises through the material, 
overflowing through the side opening near the top. In the form 
0, it percolates continuously through the material, flowing out by 
the small hole at the bottom of the tube. The simpler form of 
tube C is that which is generally preferred, as it gives good results 
with all cloths and is easy to make. The tube is drawn out at 
the end, and some glass points are fused on to the outer surface 
so as to furnish a passage for the vapour of the solvent. A little 
white wool, cotton wool, or crushed quartz is placed at the bottom 
of the tube, as a filtering and regulating medium. The orifice and 
packing should be so adjusted as to prevent the condensed solvent 
from running through too quickly and so to allow of the accumu- 
lation of a head of liquid above the cloth. The latter is made into 
a roll which loosely fits the tube. In the extraction of Indigo from 
heavily felted cloth it is recommended to cut the material into 
small strips or pieces, and if necessary to stop the extraction after 
an hour and rearrange the contents of the tube. 

Extraction is continued until the extract no longer has a blue 
colour. The thickest materials can be completely extracted in 
four hours at most, whilst ordinary materials do not require more 
than one and a half to two hours. 
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With the above apparatus satisfactory results can be obtained 
by the employment of either pyridine or glacial acetic acid as 
the extracting solvent. Pyridine, however, on account of its 
higher solvent action and more neutral properties, possesses con- 
siderable advantages and is to be generally preferred. It attacks 
the wool much less, producing less shrinkage, and gives a purer 
Indigo, requiring less subsequent washing with acids and alkali. 
It also penetrates the cloth more readily, and hence is capable of 
entirely removing Indigo from very dense fabrics, when complete 
extraction by acetic acid is almost impossible. 100 c.c. of com- 
mercial pyridine are put into the boiling-flask, which is heated 
over wire gauze or upon an air bath. When the pyridine runs 
through colourless, which usually requires about two hours, the 
extract is distilled down to about 20 or 30 c.c, the pyridine 
recovered being kept for future use. The extraction flask 
is then set aside to cool, when the greater part of the Indigo 
separates in well - formed bronzy crystals. To complete the 
precipitation 100 c.c. of 60 per cent, alcohol is added, and after 
heating to boiling, the liquid is filtered either through an ordinary 
Gooch crucible provided with filter-paper or asbestos, or through 
a glass filtering-tube containing glass wool. Before weighing the 
filter for use, it is washed with exactly the same liquids as are 
to be used for washing the precipitated Indigo, and then dried 
at 110°. The filtration through a Gooch crucible is very rapid, 
taking less than two minutes. The precipitate is washed on the 
filter successively with hot 50 per cent, alcohol, hot 2 per cent, 
caustic soda, hot dilute hydrochloric acid (1 per cent.), hot water, 
alcohol, and finally alcohol and ether. The crucible is then dried 
at 110° and weighed. An alternative method is to wash with cold 
20 per cent, sulphuric acid, and then with hot 10 per cent, caustic 
soda or ammonia, and finally with water and with alcohol. The 
appearance of the Indigo is a guide to its purity. It should form 
a bronzy crystalline powder testing 100 per cent, by the tetra- 
sulphonic acid method. A dull appearance shows the presence of 
impurities. 

If it is desired to estimate the Indigo by titration instead of 
by direct weighing, the precipitate is collected on a Gooch crucible, 
the bottom of which is covered with a little asbestos. After 
washing with acids and alkalies as above, and drying for a short 
time, the crucible is placed in a small beaker containing 15 to 20 
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C.C. of pure concentrated sulphuric acid, and the Indigo sulphonated 
by heating in an oven at 70° to 80° 0. during three-quarters of an 

TABLE XXII. 
(Topped Blues.) 









Percentage of Indigo found. 


Description. 


Observer 
A 


Observer 
B ' 


Observer 
B 




(by 


(by 


(by 




weight). 


titration). 


weight). 


Cloth dyed witli jrare Indigo .... 


% 
1-68 


% 
179 


173 


Same topped witli the following dyestuffs : — 








2% Chrome and 2% Sulphonoyanine 5R extra . 


1-69 


172 


172 


2% Chrome and 1^% Brilliant Aliz. Blue R pdr. 


171 


174 


1-67 


14% Topping Violet RTN (B.A.S.F.) . 


1-67 


176 


1-66 


2% Indocyanine2R(Ber. Co.). 


1-68 




172 


14% Erio Fast Purple A (Geigy) . 


1-69 


l'-77 


1-69 


2% fast Acid Violet R (M.L. and B.) . 


1-71 


175 


172 


li% Chrome and 2% ChromeBlue A(B.A.S.F.) 


1-04 


173 


170 


1J% Chrome and 2% Palatine Chrome Blue B . 
2% Chrome and 2% Hsematine Crystals . 


1-59 


178 


177 


1-70 


1-68 


170 


li% Chrome and 2% Eriochrome Azurol B 


1-65 


172 


1-68 


l|% Chrome and 2% Omega Chrome Cyanine B 


1-68 


1-67 


1-62 


2% Chrome and li% Alizarine Blue Black B . 


1-71 


1-68 


1-69 


2% Chrome and 8% Alizarine Blue GW double 


1-67 




1-65 


2% Chrome and 2% Sulphon Dark Blue 2B . 


1-72 


l"69 


172 


2% Chrome and 2% Wool Fast Blue BL (By.) . 


1'67 


174 


1-62 


2% Chrome and 2% Sulphoneyanine GR extra . 


1-69 


1-69 


1-66 


2% Chrome and 14% Indochromine 2R cono. . 


1-73 


1-69 


1-69 


2% Chrome and 20% Cudbear .... 


1-70 


1-65 


1-65 


2% Chrome and 7% Gallein paste . 

2% Chrome and i% Gallooyanlne paste . 


1-67 


174 


1-66 


1-74 


173 


1-62 


2% Chrome and 5% Alizarine Cyanine 3R 








double paste 


1-69 


173 


1-60 


2% Chrome and 2% Lanaoyl Violet B (Cass. ) . 


1'65 


176 


1-69 


2% Chrome and 2% Soluble Blue (L. D. Co.) . 
2% Chrome and 2% Acid Chrome Blue 2R (By.) 


1-69 


173 


1-68 


1-65 


175 


1-65 


2% Chrome and 2% Eriochrome Blue BR (Gy.) 


1-67 


174 


1-62 


1% Acid Violet 4BRS (Sandoz) 


1-70 


176 


172 


14% Omega Light Violet R (Sandoz) 




1-72 


175 


172 


Myrobalans and " Nitrate of Iron " . 




1-71 


173 


1-66 


3% Chrome and 34% Fustic . 






1-73 


172 


164 


2% Picric Acid 






1-70 


176 


1-68 


2% Chrome and Logwood 






1-72 


170 


1-62 


Myrobalans and Ferrous Sulphate 






172 


1-65 


1-63 


Indigo Extraot 






1-66 




1-66 


Starch 






1-62 


I'-'eo 


1-62 


Mn,gnesium Chloride 






1-61 


... 


1'62 



hour. The solution is then made up to half a litre and titrated in 
the usual way with N/50 permanganate, employing 100 c.c. at a time 
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diluted with 200 c.c. of water. The percentage of Indigo is found 
from the factor : 1 c.c. N/50 permanganate corresponds to 0'00147 
gram Indigo. 

The accuracy of the method is not affected by the presence 
upon the cloth of other dyestuiFs in addition to Indigo. These 
either remain behind, or if extracted do not separate with the 
Indigo or are removed therefrom upon washing with acids, alkalies, 
and alcohol. This is shown by the comparative analyses contained 
in the two appended tables. In Table XXII. is exhibited a series 
of analyses by two independent observers of an Indigo-dyed cloth 
before and after topping with a variety of different colouring- 
matters. In Table XXIII. is given analyses of cloths dyed with 
various red dyestuffs which afterwards have all been dyed simul- 
taneously in the same Indigo vat. 






TABLE XXIII. 

(Bottomed Blues.) 







Percentage of Indigo found. 


Description. 


Observer 

A 

(by 

weight). 


Observer 
B 

(by 
titration). 


Observer 

B 

(by 

weight). 


Cloth bottomed with : — • 

1% Azo FuchsiiSe G 

2% Chrome and 8% Cudbear 

2% Chrome and 1% Aliz. Red IWS (M.) . 

2% Chrome and 20% Sanderswood 

2% Chrome and 30% Camwood . 

2% Chrome and 20% Barwood . 

1% Chrome and 1% Omega Chrome Red B . 


II 


% 
2-20 
2-16 
2-09 
2'13 
2-23 
2-14 
2-20 


% 
2 '37 
2-02 
2-07 
2-00 
2-05 
2-05 
2-13 


% 
2-14 
1-97 
1-94 
1-98 
2-02 
1-96 
2-08 



B. Detenuination of the Relative Colour E£fect due to Indigo 
and to Concomitant Dyestuff. — It is obvious that the simple 
statement of the percentage of Indigo upon a cloth as found by 
analysis does not afford to anybody but an expert an idea of the 
quality of the dye. What is required by manufacturers and 
merchants, and indeed by the public in general, is a means of 
ascertaining what proportion of the total depth of colour is due 
to the Indigo present. The solution of this problem is a difficult 
one, as besides the difficulty of finding an instrument capable of 
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accurately measuiing depth of colour on fabrics, we are also faced 
with the fact that the dyestuifs accompanying the Indigo are not 
necessarily blue but are frequently violet or red. In the absence 
of a more accurate colour-measuring instrument, results of sufficient 
exactitude for practical purposes are obtainable by the use of the 
Lovibond tintometer, provided that certain precautions are taken. 




Three 



Tin 



^PQrture 
fometer 




Fig. 2. 



This instrument consists of a double tube, through one eye-piece 
of which the pattern is viewed, through the other a piece of white 
material. Between the latter and the eye can be interposed a series 
of standard coloured glasses, red, yellow, and blue, by means of 
which the pattern is matched. A form of this instrument (fig. 2) 
which is especially suitable for the purpose in view is provided with 
three apertures instead of two, the central one being used to view 
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the pattern, whilst the two- outside ones are employed for the match- 
ing glasses. In this way the pattern may be compared with two 
sets of matching glasses at the same time. The standard glasses 
bear numbers expressing their depth of shade, and by adding these 
together the units of red, yellow, and blue required to match the 
pattern are obtained. Since the relative proportions of red, yellow, 
and blue light reflected by an indigo blue pattern changes as the 
shade becomes darker, the red increasing at a greater rate than 
the blue, it is obvious that as a measure of the depth of shade, only 
the sum of the total colour units can be employed, which is given 
by adding together the units of red, yellow, and blue obtained from 
the glasses required to match the pattern. 

A graded series of patterns, dyed with pure Indigo upon white 
wool, in which the percentage of Indigo present had been carefully 
determined, gave the following results when measured by the 
tintometer in a good north light: — 



TABLE XXIV. 





Percentage Indigo 




Tintometer Measurements. 




Number. 


present (by- 
analysis). 


















(Mean Result.) 


Red. 


Yellow. 


Blue. 


Total Units. 


1 


0-45 


4-0 


2-6 


10-9 


17-5 


2 


0-55 


4-9 


2-9 


11-4 


19-2 


3 


0-70 


6-1 


3-4 


12-1 


21-6 


4 


0'85 


7-1 


3-5 


12-7 


23-3 


5 


1'05 


8-4 


3-5 


12-96 


24-86 


6 


1-25 


9-0 


4-0 


13-0 


26-0 


7 


1-40 


9-6 


4-3 


13-1 


27-0 


8 


1-70 


10-8 


4-7 


13-5 


29-2 


9 


2-20 


11-7 


5-9 


13-6 


31 -.2 


10 


2-50 


12-2 


6-6 


13-7 


32-5 


11 


2-71 


12-5 


8-3 


13-0 


33-8 


12 


3-55 


13-2 


9-4 


14-0 


36-6 


13 


4 '45 


137 


9-8 


14-5 


38-0 



By plotting the total tintometer units as abscissae and the Indigo 
percentages as ordinates a regular curve is obtained (fig. 3). There 
is thus a definite relation between the percentage of Indigo on the 
material and the tintometric readings. 

Having constructed such a curve from a series of Indigo dyeings 
of known strength, it can be employed to determine from the 
tintometer readings given by a certain cloth the percentage of 
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Indigo upon it when the cloth has been dyed with Indigo alone ; 
or when dyed with other colouring-matters in addition, the 
percentage of Indigo which would be required to give a shade 
of corresponding depth were Indigo only used. Furthermore, 
when the actual percentage of pure Indigo upon the cloth has 
been determined by analysis one can express the colour effect due 
to the latter (obtained from the curve) as a percentage of the 
total colour, measured in terms of the amount of Indigo which 
would be required to give the shade if Indigo alone were employed. 



lO 
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Fig. 3. — Readings on Lovibond's Tintometer (Total Colour Units). 

This ratio, termed " the percentage colour effect due to Indigo," is 

given by the expression: x= ^ > ^^ which A = the percentage 

of Indigo found by analysis and 0= percentage of Indigo given 
by the curve corresponding to the total tintometer units read. It is 
obvious that this value could not be obtained from the direct ratio 
of the tintometer colour units corresponding to the Indigo present 
and to the total shade, since the depth is not directly proportional 
to the amount of dyestuffs present, but increases at a constantly 
diminishing rate as the shade becomes darker. It has been ascer- 
tained by examination of a large number of patterns dyed with 
pure Indigo that the same percentage of Indigo gives substantially 
the same tintometric reading for all classes of materials composed 
of wool independently of the quality and weave, or whether dyed 
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in the raw wool, yarn, or piece. It has also been established that 
in mixed shades the tintometric reading is thesame whether the 
additional dyestuff has been employed as a " bottoming " or as a 
"topping" colour. 

Since the readings obtained with the tintometer vary consider- 
ably with the locality, time of year, method of observation, and 
individual differences of eyesight, it is not possible to give absolute 
numbers for the correspondence of the Indigo percentage with the 
depth of shade, or to lay down a fixed curve. Even readings by 
the same observer on different days may differ considerably through 
variations in the daylight. It is, therefore, necessary that the curve 
given above should only be used as an approximation to be 
corrected at the time of use by taking tintometer readings of a 
series of four or five standard shades of pure Indigo kept for the 
purpose, in which the percentages of Indigo have been accurately 
determined by analysis. Having also obtained by analysis the 
percentage of Indigo in the material under examination, the value 
for the "percentage colour effect due to Indigo" can then be 
deduced from the corrected curve. For example, a sample of 
cloth dyed with Indigo and topped with other dyestuffs is found 
to contain 1"5 per cent, of Indigo by analysis, and gives a total 
reading of 32J colour units on Lovibond's tintometer. From the 
curve it is seen that a shade dyed with pure Indigo to give a 
reading of 32| colour units has to contain 2'4i per cent, of Indigo. 
Therefore, "the percentage colour effect due to Indigo" on the 

l"5xl00 
pattern is — ^^^ — = 62'5. All the analyses and tintometer 

measurements are made upon cloth containing its "condition 
moisture," usually about 14 per cent. HjO. 

Whilst with blue shades of moderate depth the results obtained 
by the above procedure are sufficiently accurate, the method ceases 
to be applicable when the Indigo present exceeds 2 or 2'5 per cent., 
since with dark shades the curve approaches more and more to 
the perpendicular, and a relatively large increase in the percentage 
of Indigo produces only a small increase in the tintometric reading. 
In such cases another method can be employed, which in fact is 
capable of general application both for light and heavy shades. 
This consists in removing the Indigo from the pattern without 
disturbing the accompanjring dyestuff or dyestuffs, the colour effect 
of which is then determined separately by the tintometer. By 
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means of the curve, the tintometric reading of the residual colour 
may be expressed as the equivalent in depth of so much Indigo, 
and the ratio of this to the actual Indigo present obtained. Thus, 
if B equals the Indigo equivalent of the residual colour left after 
removal of Indigo, and A equals the Indigo actually present as 
determined by analysis, then the "percentage colour effect due 

to indigo equals . _ • 

In order to carry out this second method it is necessary to be 
able to strip the Indigo completely from a compound shade and to 
leave the " topping " or " bottoming " colour almost unaltered. A small 
change of shade of the latter does not matter, provided the depth 
is not affected. In a large number of cases this may be satisfactorily 
accomplished by employing either boiling glacial acetic acid or 
boiling pyridine as the stripping agent, for whereas many dyes 
are removed from wool by one or the other of these solvents, 
comparatively few of them are stripped by both, those which are 
dissolved by the one being usually not affected by the other. In 
using these solvents care should be taken that they are anhydrous, 
as a small percentage of water increases their solvent action on 
dyestuffs other than Indigo. The acetic acid should therefore be 
frozen and the separated crystals remelted, whilst the pyridine 
should be carefully dried over solid caustic soda. For the same 
reason, the pattern to be extracted should be previously dried in 
a steam oven. 

The extraction is carried out in the same manner as described 
above for the Indigo estimation. As there are a few colouring- 
matters which are removed from the wool by both glacial acetic 
acid and by pyridine, some other solvent of more general applica- 
bility is also desirable. This is afforded by cresol mixed with a 
certain proportion of a hydrocarbon of lower boiling-point. One 
hundred parts cresol (best commercial cresylic acid, 97 to 98 per cent.) 
with 30 parts of "solvent naphtha" of boiling-point 125° to 140° C, 
or 75 parts of cresol with 25 parts of "turpentine substitute" or 
heavy petroleum spirit of boiling-point 155° to 170° C, have 
proved to be suitable mixtures. The extraction is effected in this 
case with an ordina/ry Soxhlet extractor, which is provided with 
an air or water condenser. The sample, previously dried in a steam 
oven, is laid on a little loose wool and covered lightly with a further 
layer of loose wool, a thermometer being placed with its bulb in 
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contact with the pattern. The proportion of hydrocarbon to 
cresol is so adjusted that the temperature of the extracting 
liquid round the pattern does not exceed 110° C, and is prefer- 
ably about ] 00° to 105° C. The lower the temperature at which 
the extraction of the Indigo can be effected, the less the danger 
of disturbing the concomitant dyestuffs. Care should be taken 
not to continue the extraction after the Indigo has been completely 
removed, or a loss of residual colour may occur. Carried out 
with care this method of separation is capable of almost universal 
application. 

The behaviour of the three solvents, acetic acid, pyridine, and 
cresol mixture, towards a variety of colouring-matters dyed upon 
wool in conjunction with Indigo is shown in Table XXV. The 
minus sign indicates that the colour is stripped, the plus sign that 
it is not affected or only slightly, and the sign (-|- — ) that it 
is partially removed. Those dyestuffs marked by an asterisk 
are changed in shade. In all cases the Indigo was completely 
removed by the solvent. 

Only the " acid " and " mordant " dyestuffs are here taken into 
consideration, as " basic " dyestuffs are very rarely employed. In 
the exceptional case of a " basic " dyestuff being used as a " topping " 
or " bottoming " colour for Indigo, it will be removed from the 
fibre completely by all three solvents, and it would therefore be 
necessary to employ a somewhat different method of examination, 
as, for instance, to extract the " basic " dyestuff first by means of 
alcohol or 1 per cent, hydrochloric acid, after which it could be 
transferred from the solution to white wool in order to estimate 
its amount. 

The association with or substitution for Indigo of other " vat " 
dyestuffs need also not be considered, as owing to their high price 
they scarcely come into consideration in this connection. Only the 
mono- and dibromo-indigos are occasionally used to give redder 
shades. These would be extracted by pyridine and included, with 
the Indigo if weighed directly, but in view of their close similarity 
to Indigo, and even greater fastness, there would be little objection 
to their being returned as such. Tetrabromo-indigo (Ciba Blue, 
Brom Indigo FB) can be separated from Indigo by heating with 
concentrated sulphuric acid, which sulphonates the latter only, 
the percentage of which can then be found by titration with 
permanganate. 



92 



ANALYSTS OF DYESTUFFS. 



TABLE XXV. 



Name of Oolonring-matter. 



Sulphoncyanine 5R extra (By.) 
Brilliant Alizarine Blue R (By.) 
Topping Violet RTN (B.A.S.F.) 
Indooyanine 2R (Ber.) 
Erio Fast Purple A (Gy.) . 
Fast Acid Violet R (M.L. and B.) 

Chrome Blue A (B. A. S. F. ) . 
Palatine Chrome Blue 2B (B.A.S, 
Haematine Crystals 
Eriochrome Azurol B (Gy.) . 
Omega Chrome Cyanine B (Sz. ) 
Alizarine Blue Black B (By.) 



Alizarine Blue S"W (B.A.S.F.) 
Sulphon Dark Blue 2B 
Wool Fast Blue BL (By.) . 
Sulphoncyanine GR (By. ) . 
Indochromine 2E cone. (Sz, ) 
Cudbear on Chrome . 



F.) 



Azofuchsine . . . . 
Alizarine Red IWS (M.L. and B.) 
Sanderswood and Chrome . 
Camwood and Chrome 
BaTwood and Chrome . 
Omega Chrome Bed B 



Gallein Paste 
Gallocyanine 
Alizarine Cyanine 3R . 
Lanacyl Violet B (Cass.) 
Soluble Blue . ' . 
Acid Chrome Blue 2R (By.) 

Eriochrome Blue BR (Gy. ) . 
Acid Violet 4BRS(Sz.) 
Omega Light Violet R (Sz. ) 
Myrabolans and Iron . 
Fustic and Chrome . 
Picric Acid .... 



Logwood and Chrome . 
Indigo Extract . 
Eriochrome Red BR (Gy.) 



Acetic 
Acid. 



+ - 

+ 

+ 

+ 
+ — 

+ 
+ 



+ 
* 

+ - 
+ * 
+ * 



+ 
+ * 

+ 

+ 
+ 



+ 
+ 



Pyridine. 



+ 
+ 

+ 
+ 
+ 
+ 



+ 
+ - 
+ - 
+ - 



+ 
+ 
+ 



+ 
+ 



Cresol 
Mixture. 



+ 

+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 

+ 

+ - 

+ - 

+ - 
+ 

+ 
+ 
+ 
+ 

+ - 
+ 

+ 
+ 

+ 

+ 

+ 

+ - 

+ 
+ 
+ 



In order to illustrate the degree of correspondence of the above 
two methods of estimating the relative depths of shade due to 
Indigo and accompanying dyestuff, the following analyses made 
with five navy blue serges are given. These were tested by the 
tintometer together with the bottom shades (Alizarine Reds) upon 
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which they were dyed, and also the same serge dyed in the 
white state from the same vat at the same time, and thereforS 
containing approximately the same quantity of Indigo. In each 
case the total number of tintometer units found were translated 
by means of the curve into percentage Indigo equivalents, the 
following numbers being obtained : — 

TABLE XXVI. 





Indigo Equivalents from Curve 


(percentages). 


Number of 












Sample. 


Blue dyed on 


Bed Bottom 


Compound 




White Serge. 


( = B). 


Shade ( = C). 


1 


2-41 


0-38 


2-84 


2 


1-55 


0-48 


2-10 


3 


1-35 


0-50 


1-86 


4 


1-46 


0-78 


2-30 


S 


1-96 


1-25 


3-25 



The actual Indigo present on the patterns was found by 
analysis to be as follows: — 

TABLE XXVII. 





Percentage Indigo present. 


Number of 










Sample. 


Blue on 


Compound 


Average 




White Serge. 


Shade. 


( = A). 


1 


2-39 


2-29 


2-34 


2 


1-52 


1-52 


1-52 


3 


1-28 


1-33 


1-31 


4 


1-44 


1-41 


1-42 


5 


1-85 


1-88 


1-86 



Calculating for these five patterns the " percentage colour effect 
due to Indigo," firstly from the tintometer readings alone, and 
secondly by making use of the two equations : — 



x = - 



lOOA 




II. 



x = 



lOOA 
A+B 
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the following results are obtained : — 

TABLE XXVIII. 



Number of 
Sample. 


Percentage Colour Effect due to Indigo. 


From Tinto- 
meter Values 
" alone. 


By 

Method I. 


By 

Method II. 


1 

2 
3 
4 
5 


82 '2 
72-4 
70-8 
617 
57-2 


84-8 
73-8 
72-9 
63-5 
60-3 


86-0 
76-0 
72-4 
64-5 
59-8 



The results by the different methods are therefore in good accord. 

The limits of accuracy of the second method is also exhibited 
by the following series of analyses of various commercial samples 
(Government and Official cloths) carried out by two independent 
observers, the first of whom used cresol mixture and the second 
dried pyridine for removing the Indigo. 

TABLE XXIX. 



Number of 
Sample. 


Indigo found by 
Analysis (= A). 


Indigo Equivalent of 
Residual Colour ( = B). 


Percentage Colour Effect 
due to Indigo C = ^^°^j,') 


Observer 
A. 


Observer 
B. 


Observer 
A. 


Observer 
B. 


Observer 
A. 


Observer 
B. 


1 
2 
3 

4 
5 
6 
7 
8 
9 
10 


2-35 
2'54 
4-18 
3-23 
3-23 
3-0, 
■4-28 
2'54 
2-82 
2-91 


2-52 
2-69 
4-18 
3-35 
3-12 
3-25 
4-20 
2 '60 
2 '90 
3-03 


0S6 
0-20 
0-68 
0-68 
0-30 
0-65 
0-30 
0-75 
0-60 
0-40 


0-72 
0-22 
0-72 
0-55 
0-36 
0-65 
0-32 
0-48 
0-62 
0-32 


80 
92 
86 
83 
91 
82 
93 
77 
81 
88 


77 
92 
85 
86 
90 
83 
93 
84 
82 
90 



In using the tintometer the reading should be made in a good 
north light coming from the front, and the instrument should be 
placed upright or at an angle not less than 70° to the horizontal, 
taking care that there is no top light to cast a shadow on the 
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pattern. When a Dufton-Gardner '' Dalite " arc lamp is available, 
this may be used with advantage in place of daylight as a constant 
source of illumination, the lamp being placed within a foot or so 
of the tintometer and nearly on a level with it. For further details 
respecting the use of the tintometer the reader is referred to the 
Measii/rement of Light and Colov/r Sensations, by J. W. Lovibond 
(George Gill & Sons, London). 

0. Examination of the Concomitant DyestufF. — In judging 
the quality of a navy blue material dyed with Indigo in conjunction 
with other dyestuffs, it is necessary to consider not only the pro- 
portion of Indigo present, but also the degree of fastness of the 
accompanying dyestuff. It is obvious, for example, that a cloth in 
which 50 per cent, of the shade is due to Indigo and 50 per cent, to 
Alizarine Red is to be preferred to another in which 60 per cent, 
is due to Indigo and 40 per cent, to Logwood. It is therefore 
necessary for a complete examination of an Indigo-dyed cloth that 
the identity, or at least the class of the associated dyestuff should 
be ascertained and tests made for the fastness of the latter to light, 
washing, etc. Although until recently this was usually an im- 
possible task, the methods described above of separating Indigo 
from associated dyestuffs render it comparatively easy. The colour 
left upon the wool after extraction with acetic acid, pyridine, or 
cresol can be submitted to direct examination in the manner 
described in Chapter V., and the fastness ascertained by subjecting 
it to the usual tests for light, soap, washing, etc. In cases in which 
more than one " topping '' or "bottoming '' colour has been employed, 
indications of the composition of the mixture may often be obtained 
by comparing the residual colour left after extraction by different 
solvents (acetic acid, pyridine, or cresol). 

In many cases when time will not admit of a full analysis, it is 
desirable to test approximately the quality of the dyed material, 
and the methods described above may be used by the practical dyer 
or merchant to obtain quickly a general idea of the composition 
and fastness of the shade. Small patterns of the material can be 
stripped in about twenty minutes with the cresol mixture by 
employing a simple extraction apparatus, or by heating with the 
solvent in small beakers placed in a water or steam oven. By 
means of the eye alone a rough estimate can be formed of the rela- 
tive proportion of Indigo to residual colour, and the latter can also 
be tested for fastness, and if need be, identiiied. For work of an 
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approximate character it is also possible to replace the use of the 
tintometer by a series of standard shades of pure Indigo of known 
Indigo percentages, with which the pattern may be compared by 
the unaided eye before and after stripping with cresol. In a few 
cases, e.g. mixtures of Indigo with Logwood or of Indigo with 
Alizarine Reds, the Indigo may either be removed first by extrac- 
tion with cresol, leaving the accompanying dyestuff on the fibre, or 
the latter may be stripped by boiling with dilute sulphuric acid 
and the Indigo left upon the fibre. It is thus possible when Indigo 
is accompanied by one of these dyestuffs, together with an " acid " 
or " acid-mordant '' dyestuff', to effect a separation of all three con- 
stituents by applying both methods. For example, a blue composed 
of Indigo, Alizarine Eed SW, and Eriochrome Azurol, when boiled 
with dilute sulphuric acid leaves the Indigo and Eriochrome Azurol 
upon the fibre whilst the Alizarine Red dissolves. On then ex 
tracting the residual colour with cresol the Indigo dissolves, leaving 
the Eriochrome Azurol. 

Estimation of Indigo upon Cotton and Linen. 

The pyridine extraction method described above for wool may 
be employed with equal advantage for the estimation of Indigo 
upon cotton, the procedure being in every respect the same. 

Another method which also gives good results and is equally 
easy to carry out is that devised by Knecht.^ This is performed in 
the following manner : — 4 grams of the sample of dyed cloth are cut 
up into small pieces and placed in a porcelain beaker ; 25 c.c. of 
sulphuric acid of 80 per cent. (61° Be.) are now added, and the whole 
stirred slowly, the temperature being maintained at about 40°. 
After ten to fifteen minutes' stirring all the cloth has gone into 
solution. The contents of the beaker are now diluted to about 
100 c.c. with water, boiled for a few minutes until the precipitated 
Indigo becomes granular, and filtered through a Gooch crucible 
containing asbestos or quartz sand covered with a layer of silica as 
the filtering medium. After drying the precipitate at 110° to 120°, 
it is sulphonated by heating with concentrated sulphuric acid for 
an hour in the water oven, and then titrated witti permanganate 
(see p. 77). In order to remove any accompanying dyestuff, it 
is better to wash the precipitated Indigo prior to drying, with hot 

1 Knecht, /. Soc. Dyers and Cols., 1909, pp. 135, 160. 
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dilute ammonia and finally with alcohol. The "topping" or 
" bottoming " of Indigo blues with other colouring-matters is not 
as prevalent a practice in cotton as it is in wool dyeing. Never- 
theless "sulphide'' colours are frequently employed as a bottom, 
and the possibility of "basic" or "salt" dyestuffs being present 
must not be overlooked. "Vat" colours, excepting perhaps 
Thioindigo Red and Bromindigos, by reason of their high cost, 
need scarcely be considered as possible accompaniments. Neither 
of the above-mentioned methods of estimating Indigo on cotton are 
influenced by the presence of " basic," " salt," or " sulphide " dye- 
stuffs. "Vat" colours of the indigoid class are extracted by pyridine 
and would be estimated as Indigo if weighed directly. If, how- 
ever, the precipitate obtained either by pyridine extraction or 
by treatment of the fibre with 80 per cent, sulphuric acid is 
sulphonated and titrated with permanganate, only the Indigo 
becomes soluble, whilst Thioindigo Red and Bromindigos remain 
undissolved and are not estimated. 

For ascertaining the depth of colour due to the accompanying 
dyestuff when this belongs to the " sulphide " or " salt " classes, the 
fibre is extracted with pyridine until all the Indigo is removed, 
after which the residual colour is examined and its depth measured 
in a similar manner to that already described for wool. If a 
" basic " dyestuff is present, this is best removed first by boiling the 
fibre with aqueous caustic soda followed by dilute acetic acid or 
formic acid. The depth of the residual Indigo can then be com- 
pared with the depth of the original shade. If it is desired to 
estimate the amount of " basic " dyestuff more exactly, the pattern 
must be boiled in " saline caustic soda," and the " basic " dyestuff 
afterwards transferred to a weighed amount of wool as described 
in Chapter V. 



CHAPTEE VIII. 

THE ANALYSIS OF PIGMENTS AND LAKES. 

Although the analysis of pigments and colour lakes is a matter of 
growing importance to the manufacturer and user of these products, 
such analysis has hitherto been attended with considerable 
difficulties, and could only be attempted with any degree of 
success by the expert possessing an extensive knowledge of the 
dyestuifs generally employed in lake-making and of their pro- 
perties. These difficulties have increased in recent years through 
the great multiplication of the number of dyestuffs in commerce, 
and by the introduction of a variety of special products for the 
lake industry. A laudable attempt to overcome these difficulties 
has indeed been made by George Zerr,^ who has published the 
individual reactions of a large number of the dyestufF lakes now 
in use. Although, however, the tests proposed may be employed 
to supplement a systematic group separation, they are of too 
empirical a nature to serve as a means of classification or separa- 
tion, and would certainly require long experience before they could 
be used for the identification of the mixtures so frequently en- 
countered in practice. The scheme which is here presented, and 
which it is hoped may facilitate such investigations by placing the 
analysis upon a more systematic basis, depends upon the same 
principles as those described in earlier chapters for the examination 
of dyestuffs in substance or upon the fibre ; the final reactions for 
classification and identification being effected after transferring the 
colour to wool or cotton. 

The pigments and lake colours employed for paints, printing 
inks, lithographic colours, wall-paper stains, etc., consist of (a) 
mineral pigments, (b) mineral bases or substrata coloured by 
organic dyestuffs. 

The most important mineral pigments are Chrome Yellow and 

1 Zerr, Tests for Goal-Tar Colours in Aniline Lakes. English translation by 
Dr Charles Mayer, 1910. 
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Chrome Orange (lead chromates). Zinc Yellow (zinc chromate), 
Naples Yellow (lead antimonite), Cadmium Yellow (cadmium sul- 
phide), Prussian or Milori Blue (ferrous ferricyanide), Ultramarine, 
Bremen Blue (cupric hydroxide). Cobalt Blue (cobalt aluminate), 
Schweinf urt Green (cupric acetoarsenite), Guignet Green (chromium 
hydroxide). Chrome Green (Chrome Yellow mixed with Prussian 
Blue), Zinc Green (zinc chromate and Prussian Blue), Red lead 
(lead oxide), Vermillion (mercury sulphide), Chrome Eed (basic 
lead chromate), Venetian Red (ferric oxide). Yellow Ochre (clay 
containing ferric hydroxide), Red Ochre (clay containing ferric 
hydroxide and ferric oxide), Sienna (mainly ferric hydroxide), 
Burnt Sienna (mainly ferric oxide), Lamp Black and Ivory Black 
(carbon). Green Earth or Augite (complex silicate of magnesium, 
iron, and aluminium or calcium). The examination of these pro- 
ducts we need not discuss ; they can be identified by the ordinary 
methods of inorganic analysis. 

The pigments and lakes prepared from organic dyestufFs are of 
a very varied character. The following are the most important 
classes of dyestuffs used for this purpose : — 

(1) Nilyroamines, such as Pigment Chlorine 2G and Lithol Fast 
Yellow 2G. These are formaldehyde condensation products of 
primary nitroamines, such as of nitro-orthotoluidine. They are 
soluble in boiling benzene (not very readily) and have a yellow 
colour. They are rather volatile. 

(2) Insoluble Azo Dyestuffs, such as Hansa Yellow, Pigment 
Chrome Yellow, Autol Oranges and Reds, Lithol Fast Scarlets, 
Pigment Reds, Pigment Bordeaux, etc. They are monoazo 
compounds devoid of salt-forming groups (no SO3H, OOOH, or 
NH2 groups). They all dissolve readily in hot benzene. The 
orange and red colours are derived from the diazo compounds 
of aniline, nitranilines, chloranilines, toluidines, nitrotoluidines, 
naphthylamines, etc., in combination with /3-naphthol. The yellows 
are obtained from similar diazo compounds combined with phenyl- 
methylpyrazolone. The full analysis of such products can be 
effected by subjecting them to reduction and isolating their decom- 
position products according to the methods given in Chapter IX. 
The dyestuffs of this and of the preceding class are employed 
in the manufacture of lakes by simply grinding them with a 
mineral substratum or by mixing them with a substratum in 
paste form. 
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(3) Acid Byestnffs. — This is a very large group of compounds 
mostly belonging to the azo class, but also containing many 
members of the triphenylmethane, pyrone, anthracene, and other 
classes. They are entirely insoluble in benzene. From the stand- 
point of lake manufacture they may be subdivided into the two 
following categories : — 

(a) Dyestuffs (mostly azo derivatives of /3-naphthol and of 
/3-oxynaphthoic acid) containing only one acid group and con- 
sequently sparingly soluble in water. They are represented by a 
range of red to violet products specially prepared for use as 
pigments, such as Lithol Reds, Lithol Bordeaux, Permanent Reds 
4B and 6B, Lake Reds C, D, and P, Helio Oranges, Reds and 
Purpurines, etc. These colouring-matters give very sparingly 
soluble barium, strontium, and calcium lakes, which frequently 
possess a much bluer shade than the sodium salts. They are either 
ground directly with the substratum or are precipitated upon it by 
the addition of a salt of barium, strontium, or calcium. Owing to 
their sparing solubility they are frequently sold in the form of 
pastes ; the product in some cases being the ready prepared barium 
or other alkaline-earth salt. 

(b) Dyestuffs easilj' soluble in water, usually containing several 
sulphonic groups. These consist for the most part of the ordinary 
" acid " dyestuffs employed in dyeing, such as Acid Yellows, Azo 
Oranges, Azo Scarlets, Azo Reds, Azo Bordeaux, Acid Violets, Acid 
Greens, Patent Blues, Eosines, Acid Eosines, Acid Rhodamines, Acid 
Alizarines, etc. They are usually precipitated upon the substratum 
by means of barium chloride, or of barium chloride in conjunction 
with alumina or tannin. They may be readily distinguished from 
the members of the previous category by the greater ease with 
which they leave the substratum and pass into solution when 
the lake is heated with weak alkalies such as a 2 per cent, solution 
of sodium carbonate. 

(4) Basic Dyestuffs, such as those of the triphenylmethane, 
azine, oxazine, and thiazine classes. They are usually precipitated 
upon the substratum by means of tannin and antimony, or by a 
salt of phosphoric, arsenious, stannic, silicic, resinic, or fatty acid, 
in presence of aluminium hydroxide. They are also frequently 
employed for shading acid colours, previously precipitated by 
barium chloride, in which case no further precipitating agent is 
needed. 
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(5) Mordant Dyestuffs, chiefly represented in lake pigments by 
the aluminium compounds of alizarine, purpurines (Alizarine Eeds 
and Madder Keds), Alizarine Orange, Alizarine Bordeaux, Alizarine 
Cyclamine, Anthracene Blues, Alizarine Cyanines, and Cochineal 
Carmine. The aluminium lakes of these dyestuffs, though not 
decomposed by weak alkalies, such as boiling 2 per cent, sodium 
carbonate, are split up by dilute hydrochloric acid (1 part of 
commercial acid to 10 parts of water). Under this treatment 
Alizarine Red or Madder Red becomes yellow, and a small piece of 
wool added to the solution acquires a yellow colour which is 
changed to purple by ammonia or caustic soda. Alizarine Bordeaux 
behaves similarly, but is less easily decomposed. Cochineal Carmine 
gives to wool an orange tint which also becomes purple with 
caustic alkalies. 

(6) Vat Dyestuffs. — The colouring-matters of this class, by 
reason of their extreme degree of fastness to light and other 
agencies, have recently attracted much attention for pigment 
manufacture, especially for the preparation of artist's colours. 
Their employment, however, is considerably restricted by their high 
price. Being entirely insoluble in water, they are incorporated 
with substrata, e.g. aluminium hydroxide, by simply mixing them 
with the latter in a very finely divided form. The "vat" dye- 
stuffs of the indigoid and anthracene classes being mostly devoid 
of salt-forming groups can be regarded as " neutral " compounds, 
and hence they are more or less soluble in hydrocarbons. The 
solubility in benzene of the individual members of this class 
varies considerably, however, and in the scheme of analysis employed, 
colours of this group may either fall into the second section or 
into sections 17 and 18. In either case, however, the dyeing test 
on cotton affords an easy means of identification. The " vat " dye- 
stuffs belonging to the sulphur class are for the most part insoluble 
in hydrocarbons such as benzene. 

The substrata, upon which the above dyestuffs are distributed 
or precipitated, may be either (a) colourless substances, or (6) 
coloured materials. The most important of the former are barium 
sulphate (" heavy spar "), calcium sulphate (" satin white "), china 
clay, kieselguhr, calcium carbonate, lead sulphate, lead carbonate, 
zinc white, lithopone, calcium phosphate, starch, etc. These are 
used either ready formed in a finely ground state or are precipitated 
with the lake by interaction of appropriate salts. The chief 
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coloured substrata are red lead, litharge, ochre, umber, green earth, 
and lamp black. In addition to these, any other mineral pigments 
may be employed as a basis upon which to precipitate a dyestuff 
with the object of adding to the brilliancy of the pigment or of 
increasing its depth of shade. The search for the dyestuff should 
always be accompanied or preceded by an examination of the 
substratum. 

In proceeding to the investigation of the dyestuff it must be 
borne in mind that it is a very common practice to employ more 
than one colouring-matter, which may belong to the same or to 
different classes. It is therefore necessary before these dyestuffs 
can be identified to effect a separation of them so far as may be 
possible. Whilst the annexed scheme may be employed as a means 
of separation into classes, the separation of members of the same 
class is often a more difficult task. For the latter purpose use can 
sometimes be made of variations in solubility during treatment 
with the group reagents, or with hot water, alcohol, ether, etc. 
Thus whilst many " acid " dyestuffs are dissolved from the lake by 
2 per cent, sodium carbonate either in the cold or on gently 
warming, others require to be boiled, or may even necessitate 
the use of aqueous-alcoholic sodium carbonate to effect solution. 
In the case therefore of a mixture of an easily soluble and a 
sparingly soluble "acid" dyestuff, it is possible by proceeding 
cautiously to effect the extraction of each separately, then to dye 
each upon wool, and test them individually. Again, different "basic" 
dyestuffs vary considerably in the ease with which their tannin 
lakes are decomposed by caustic soda, and when decomposed some 
yield dye-bases which are soluble in water, whilst the dye-bases of 
others are insoluble. Upon such differences a separation can often 
be based, each colour being separately transferred to wool for 
testing. In other cases again the capillary method of analysis 
of Goppelsroeder may be found serviceable, the aqueous solution 
being spotted upon thick filter-paper or strips of filter-paper hung 
with their lower ends dipping into the solution. Zones of the 
respective colouring-matters are thus produced, and these zones can 
then be separately extracted with water and the colours transferred 
to wool for testing. By making use of such methods of fractional 
extraction, or of capillary separation, followed by transference to 
wool, the identification of the constituents of a mixed lake can be 
effected in a large number of cases. As it frequently happens that 
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dyestuffs of two diiferent shades are present, e.g. a blue and a 
yellow dyestuff in a green pigment, it has been thought best to 
give a single table of separation, irrespective of shade, although it 
will be at once apparent that the shade of the pigment affords 
valuable assistance in identifying certain constituents and in 
excluding others. 

The scheme comprised in the annexed table is primarily 
intended for the identification of lake pigments derived from 
organic dyestuffs. Inorganic pigments should be detected during 
the progress of the inorganic analysis which in all cases is an 
advisable preliminary in order to establish the nature of the 
substratum employed. In view, however, of the fact that organic 
dyestuffs may be used to shade or intensify a mineral pigment, it 
has been considered advisable to indicate the behaviour of some 
of the most important mineral pigments towards the reagents 
employed in the scheme. 

Prussian or Milori Blue. — Completely decolourised by boiling 
with 2 per cent, sodium carbonate. The solution (if filtered from 
ferric hydroxide) does not regenerate the colour upon acidification, 
nor dye wool. 

Ultrama/rine Blue and Ultramarine Violet. — Not changed by 
boiling with 2 per cent, sodium carbonate. Completely decom- 
posed and decolourised upon boiling with dilute hydrochloric acid 
(1 : 10), sulphuretted hydrogen being evolved. 

Chrome Yellow. — Not dissolved, but changed to Chrome Orange 
by boiling with 2 per cent, sodium carbonate. Decomposed and 
dissolved upon boiling with dilute hydrochloric acid (1 : 10), a 
yellow solution containing chromic acid, which is taken up by 
wool, being obtained. 

Chrome Orange. — Not dissolved upon boiling with 2 per cent, 
sodium carbonate, but immediately decomposed and dissolved by 
dilute hydrochloric acid (1 : 10). 

Zinc Chrome. — Decolourised upon boiling with 2 per cent, 
sodium carbonate, giving a yellow solution of sodium chromate. 

Cadmiiwm Yellow. — Not dissolved by boiling with 2 per cent, 
sodium carbonate, but slowly dissolved upon boiling with dilute 
hydrochloric acid, sulphuretted hydrogen being liberated. 

Orange and Bed Lead. — Not changed upon boiling with 2 
per cent, sodium carbonate, but dissolved by boiling with dilute 
hydrochloric acid (1 : 10). 
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Venetian Red, Ochre, Sienna, Umber. — Unaffected by 2 per 
cent, sodium carbonate and only very slightly attacked by boiling 
dilute hydrochloric acid (1 : 10). 

Quignet Green (hydrated chromium oxide). — Insoluble in all 
the group reagents. 

Vermillion. — Insoluble in aU the group reagents. 

Lamp Black, Ivory Black, Acetylene Blouik, etc. — Insoluble in 
all the group reagents. 

Reagents. — The following reagents are employed. It is im- 
portant that they should be used of the strength indicated. 

Aqueous Sodium Oarhonate (2 per cent.). — 2 grams anhydrous 
sodium carbonate in 100 c.c. of water. 

Aqueous Alcoholic Sodiv/m Carbonate (1 per cent). — 50 c.c. of 
the previous solution mixed with 50 c.c. of alcohol. 

Saline Caustic Soda. — 10 c.c. of caustic soda lye of 35 to 
40 per cent. NaHO and 100 c.c. of saturated salt solution. 

Caustic Soda (5 per cent.). — 5 grams of stick caustic soda in 
100 c.c. of water. 

Weak Formic Acid (1 : 100). — 1 c.c. of commercial formic acid 
of 90 per cent, to 100 c.c. of distilled water. 

Dilute Hydrochloric Acid (1 : 10). — 10 c.c. of concentrated 
hydrochloric acid (30 per cent.) to 100 c.c. of water. 

Tannin Solution. — 10 grams of tannin and 10 grams of sodium 
acetate in 100 c.c. of water. 

Hydrosulphite BASF. — ^Used solid. 

Hyd/rosulphite AX. — Prepared as described on p. 58. 

Persulphate. — Prepared as described on p. 59. 

Stannous Chloride. — 100 grams stannous chloride in 100 c.c. 
of concentrated hydrochloric acid and 50 c.c. of water. 

VTOCe&a.TQ.—Oeneral. — The analytical table which follows may 
be employed in the examination of a lake pigment either in the 
condition of lumps or powder, or when applied to paper or other 
surfaces in the form of a stain, lacquer, printing ink, lithographic 
ink, paint, distemper, etc. The oil or other medium with which 
the pigment is applied has usually but little effect upon the 
behaviour of the pigment with reagents. When the pigment is 
in powder form, filtration is necessary between each step in the 
separation, but when the pigment is adherent to a surface such 
as paper, wood, metal, etc., the extractions can generally be effected 
without the substratum leaving the surface, so that the extract can 
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be simply poured off, leaving the residue ready to be subjected to 
the next reagent. This renders the work very expeditious and 
makes it possible to effect a complete analysis in a very short time. 
Even when the sample to be examined is in the form of powder 
or lumps it will be frequently found convenient first to apply it to 
paper by means of a suitable binding medium. 

The extractions are usually performed upon about O'l gram 
pigment, or upon a piece of the stained or printed paper about 
one inch square or less. This is heated in a test-tube with about 
half an inch to one inch deep of the reagent. When more than 
one dyestuff is present and a separation of the constituents of 
the mixture has to be effected, it will be necessary to work with 
larger quantities than the above in order to obtain sufficient of the 
constituents for later tests. 

Transference of Acid Dyestuffs to Wool. — In order to obtain a 
full shade suitable for subsequent tests, it is important that the 
extraction of the pigment should be effected with the mimimum 
quantity of liquid. Boiling for a few seconds with 2 per cent, 
sodium carbonate will usually suffice to dissolve the colour com- 
pletely, but at longest a minute's boiling is enough. In a few 
cases in which the lake is not completely decomposed after boiling 
with aqueous sodium carbonate, this reagent may be replaced by 
aqueous-alcoholic sodium carbonate (1 per cent.). The coloured 
extract is poured off from the residue into another test-tube (or 
if necessary filtered), a small piece of white flannel about one inch 
square is added, the liquid rendered acid by addition of dilute 
hydrochloric acid (1 : 10) or dilute formic acid, and boiled for 
one or two minutes. The dyed wool is then removed and rinsed 
with water. 

Transference of Basic Dyestuffs to Wool. — For this purpose the 
same method is used as for the transference of " basic '' dyestuffs 
from cotton. This consists in liberating the free base from its 
combination with tannic, phosphoric, arsenious, or other acid by 
treatment with a boiling caustic soda solution which is saturated 
with salt in order to prevent the dye-base from dissolving. After 
rinsing with cold water to remove excess of caustic soda and salt, 
the dye-base can be dissolved in boiling water with or without 
addition of a little formic acid (1 : 100). From this solution, poured 
off or filtered from the residue, a piece of white flannel about one 
inch square is dyed by boiling for a minute or two. If, owing to 
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the presence o£ an excess of formic acid, the wool does not take up 
the colour readily, dilute ammonia is added drop by drop until 
the excess of acid is nearly neutralised. In order to obtain a full 
shade the solution of the base should be effected in the minimum 
quantity of water. " Acid " dyestuffs if present must of course be 
completely removed prior to applying this test. Some aluminium 
lakes of " mordant '' dyestuffs, such as Madder Red and Cochineal 
Carmine, are decomposed by saline caustic soda, giving a purple 
solution, but this is washed away upon rinsing with cold water 
and a coloured solution with formic acid is not obtained. Even if 
any colour passes into the acid solution it will not be precipitated 
by tannin. 

Transference of Salt Dyestuffs to Cotton. — A small quantity 
of ammonium chloride is added to the colour extract obtained 
with 2 per cent, sodium carbonate, and the solution is boiled for 
about a minute with a piece of white mercerised cotton one inch 
square or less. The dyed cotton is afterwards boiled in plain 
water or in weak ammonia (1 : 100), in order to remove any 
ordinary " acid " dyestuff which may have been taken up. 

Transference of Vat Dyestuffs to Cotton and Reduction of Azo 
Dyestuffs. — About O'l gram of the pigment or a piece of the 
coloured paper about one inch square is just covered with 2 per 
cent, sodium carbonate solution and heated to boiling. A little 
solid sodium Hydrosulphite BASF (say 01 gram or less) is added, 
together with a piece of white mercerised cotton about one inch 
square. The mixture is then boiled for about a minute and the 
cotton taken out and rinsed. 

Reactions of the Dyestuffs upon Reduction and Reoxidation. — 
For further particulars regarding the prosecution of these tests the 
foregoing chapters on the detection of dyestuffs upon the wool 
and cotton fibres should be referred to. 

Differentiation of Dyestuffs falling in the Same Glass. — 
Having determined the class to which a dyestuff belongs, its 
further identification must be effected by making use of its 
reactions to various reagents, and by comparison of its shade and 
properties with products with which it is believed to correspond. 
For these purposes the published reactions of the dyed colouring- 
matters may be employed.^ Use can also be made of the tables 



* See, for example, Heermann, Koloristische und Texlilchemische Untersmhungen. 



ANALYSIS OF PIGMENTS AND LAKES. 107 

o£ solubilities and of individual reactions o£ a large number of 
dyestuff lakes compiled by George Zerr.^ Where a suitable 
spectroscope is available, this instrument may be used with 
advantage for distinguishing the individual dyestuffs of a class 
or for supplementing the indications obtained by other methods.^ 

Notes and Special Reactions. 

Section 1. — Pigment Chlorine 2G and Lithol Fast Yellow 2G dissolve in 
benzene rather slowly. The remaining members of this section are 
for the most part very easily soluble in benzene. Most of the colours 
of this section sublime on heating, those of the nitro class more easily 
than the azo compounds. 

Sections 2 and 3. — The solubility in benzene of the colouring-matters of 
the vat class varies considerably. Some, such as Helio Fast Pink, are 
easily soluble, others, such as Indanthrene Yellow, are sparingly 
soluble. The members of this class must therefore be sought both 
in Sections 2 and 3 and in Section 18. The indigoid vat colours can 
be distinguished from those of the anthracene class by the paler colour 
of the leuco compounds of the former (generally yellow or colourless) 
either in alkaline solution or upon the cotton fibre, whilst those of the 
latter class are usually darker than the dyestuffs themselves. For 
example, Indanthrene Yellow is readily identified by the cotton being 
dyed a bright blue, which slowly changes to yellow on rinsing. 

Section 3. — The dyestuffs of the stilbene series (Stilbene Yellows, Direct 
Yellows, Mikado Yellows, Mikado Oranges) are reduced more slowly 
than other azo dyestuffs. 

Section 6. — The dyestuffs of the Eosine series (various brands of Eosine, 
Erythrosine, Phloxine, and Eose Bengal) may be distinguished and 
separated from "acid" dyestuffs containing sulphonic groups (such 
as Acid Eosines, Acid Phloxines, Acid Khodamines, Azo Scarlets, 
Ponceaux, etc.) by the fact that their free colour acids are readily 
soluble in ether. To separate a mixture of an Eosine and a Ponceaux, 
for example, it is only necessary to acidify the aqueous solution 
with hydrochloric acid and to shake out with ether. On evaporating 
the yellow ethereal solution and neutralising with ammonia the 
Eosine is obtained. Such mixtures are frequently found in Geranium 
lakes. Ehodamine B, though usually regarded as a " basic " dyestuff, 
falls into this section, since its lakes are decomposed by sodium 
carbonate, doubtless by reason of the fact that it contains a carboxylic 
acid group. TJnUke the true " acid " dyestuffs, however, it can be 
extracted from the alkaline solution by ether. 

Section 9. — Some of these colours, notably Alkali Blues (largely used for 

1 Zerr, he. cit. 

^ Fomiiinek u. Grandmougin, Spektralanalytische Nachweis kiinstUcher organ- 
isdien Farbstoffe (Julius- Springer, Berlin) ; for particulars of the constitution 
of the newer lake dyestuffs the reader is also referred to Die neueren Farbstoffe 
der Pigmentfarben-Induslrie, von D. R. Staeble (Julius Springer, Berlin, 1910). 
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bronze blue printing inks), give nearly colourless solutions with 2 
per cent, sodium carbonate. They are distinguished from Prussian 
Blue by the return of the colour on acidifying the filtered alkaline 
solution. 

Section 10. — Naphthol Yellow S is characterised by passing through an 
orange stage on reduction. The azo dyestuffs of the pyrazolone 
series (Tartrazine, Fast Light Yellows, Normal Yellow, Pigment 
Chrome Yellows, Pyrazine Yellow, Sulphon Yellow, Kadial Yellow, 
etc.) are characterised by the colourless solutions obtained upon 
reduction becoming violet when oxidised by air (Staeble). The 
dyestuffs of the Lithol Red and Lake Ked group mostly dissolve in 
concentrated sulphuric acid, forming a violet solution which upon 
dilution with water and shaking with ether gives a pink ethereal 
layer. When not containing both a sulphonic and a carboxylic 
group they are soluble in acetone (Staeble). 

Section 11. — Auramine is characterised by the production of a violet when 
its solution is reduced with zinc-dust and dilute hydrochloric acid and 
dried upon paper. 

Section 12. — Safranine after reduction and oxidation does not return to 
its original shade but to a violet (formaldehyde derivative), which 
becomes red upon boiling with ammonia. The azine dyestuffs of 
the Safranine class dissolve in concentrated sulphuric acid giving a 
bright green colour, becoming blue and then red on adding water. 

Section 13. — Most of the dyestuffs of this category dissolve in concentrated 
sulphuric acid giving a yellow or orange colour. 
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CHAPTER IX. 

DETERMINATION OF THE CONSTITUTION OF 
AZO DYESTUFFS. 

With the enormous multiplicity of azo combinations now obtain- 
able and the large number of these compounds which at present 
come into commerce to be used in dyeing and lake manufacture, 
the complete elucidation of the constitution of a dyestuff of this 
class can often only be effected by breaking it up into simpler 
constituents the structure of which can be ascertained. Such a 
process is frequently made use of by the colour manufacturer who 
wishes to ascertain the composition, and consequently the mode of 
manufacture, of a newly introduced colouring-matter the properties 
of which do not correspond to known brands. For effecting this 
object two methods are available, viz. : 

A. Reduction of the azo dyestuff to amido compounds and the 
isolation and identiiication of the latter : — 

B'.N:N-.B".OH + 2H2 R'.WH:2 + II"(0H)NHj. 

B. Treatment with cold fuming nitric acid, when a diazo salt 
and a nitrophenol are produced : — 

R'.N : N.R".OH+ 2HN'03 E.'.N2.1I03+Il"(OH)(N-02) 

If the phenolic residue contains an easily replaceable hydrogen 
atom or sulphonic group, a further nitro group is simultaneously 
introduced. 

The reduction process was first applied as a general method for 
the analysis of azo dyestuifs by Witt,^ who recommended the use 
of a hydrochloric acid solution of stannous chloride as the reducing 
agent. Later, it was proposed by Grandmougin ^ to substitute for 
this reagent sodium hydrosulphite Na2S204, which usually allows 
of a more ready isolation of the reduction products. It should be 
noted, however, that in employing this reagent for azo compounds 

1 Witt, Ber., 1888, 21, 3468. 

» Grandmougin, Ber., 1906, 39, 2494, 3561, 3929 ; J.prakt. Ohem., 1907, p. 124. 
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derived from o-nitraniline, a normal reduction does not occur, but 
a derivative of benztriazol is produced ; thus, for example, o-nitro- 
benzeneazophenol gives the compound 

O 

a substance which crystallises in colourless needles of m.p. 232°. 

The nitration process was first employed by Meldola and 
Morgan,! and subsequently elaborated by Schmidt.^ Conclusions 
can be drawn as to the structure of the dyestuff, on the one hand 
by identification of the nitrophenol obtained, and on the other by 
examining the colour reactions given by the diazo salt with 
naphthols, etc. The method is particularly useful to supplement 
the indications of the reduction process in the case of azo com- 
pounds containing naphthol sulphonic acid residues. Thus, for 
example, azo derivatives of a-naphthol sulphonic acid 1 : 4 or of 
a-naphthol disulphonic acid 1:4:7 give respectively dinitro- 

a-naphthol, 

Oi„H,(OHXN02),[l : 2 : 4], 

and dinitro-a-naphthol sulphonic acid, 

0,„H,(0H)(N0j)(S03H)[l : 2 : 4 : 7], 

which can be readily identified. The nitration method is also 
valuable in those cases in which, owing to the absence of a free 
amido or hydroxy group, the reduction of the azo compound does 
not occur smoothly. This is the case, for example, with dyestufls 
of the type of sulphobenzeneazophenetol, 

C8H,(S03H).Na.G^4.002H5. 

Reduction Method. Procedure. — In selecting the method of 
procedure it is advisable to first try test-tube experiments with 
various reducing agents. Whilst sodium hydrosulphite and stannous 
chloride, more especially the former, first come into consideration, 
other reducing agents, such as zinc-dust and ammonia, zinc-dust and 
salt, glucose and caustic soda, sodium stannite, etc., are useful in 
special cases. Thus a very eflBcient method of reduction in certain 
instances is to add to the hot solution of the dyestuff a sufficiency 
of zinc-dust together with a small quantity of neutral sodium 
sulphite, and then to run in dilute hydrochloric acid slowly until 

1 Meldola and Morgan, Trans. Chem. Soc, 1889, 55, 608. 

2 Schmidt, Ber., 1905, 38, 3201. 
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complete decolourisation ensues. Alkaline reducing agents are 
sometimes employed for effecting a partial reduction: thus the 
dyestuff known as Rosophenine 4B or St Denis Red, 

NjO{CeH3(CB:3).IT2-0,oH5(OH)(S03H)}3 , 

when submitted to reduction with glucose and caustic soda, or with 
sodium stannite, yields the parent base azoxytoluidine and amido- 
o-naphthol sulphonic acid 2:1 : 4 ; whilst upon treatment with 
stannous chloride or sodium hydrosulphite it is more completely 
broken up, giving 7n-tolylenediamine. 

Reduction with Stannous Chloride. — A solution of stannous 
chloride is employed containing 40 grams of the crystallised salt 
in 100 c.c. of concentrated hydrochloric acid. The dyestuff (5 to 
10 grams) is dissolved in the minimum quantity of boiling water 
(usually from ten to twenty times its weight), or in alcohol if in- 
soluble in water, and the required quantity of stannous chloride is 
added in one portion to the nearly boiling solution. About 6 c.c. of 
the above stannous chloride solution ( = 2 grams SnClg) are employed 
to each gram of pure colouring-matter present. If the dyestuff 
contains much salt and its solubility is thereby greatly reduced, it 
is advisable to purify it prior to reduction. Amido derivatives of 
second components such as amidonaphthols and their sulphonic acids, 
naphthylenediamine sulphonic acids, etc., usually either separate at 
once from the hot solution or upon cooling. In some cases they 
only separate after the solution has been saturated with salt or 
mixed with a large excess of concentrated hydrochloric acid. The 
amidonaphthol sulphonic acids, after filtering off and washing, are 
best purified by dissolving in a solution of neutral sodium sulphite 
and reprecipitating with hydrochloric acid. Sulphonic acids of 
1 : 2 or 1 : 4 naphthylenediamines are obtained pure by dissolving 
in sodium acetate solution and reprecipitating with acetic acid. 

The reduction liquid from which the above products have been 
separated is made alkaline and distilled, or is shaken with ether. 
If the first component of the dyestuff is a volatile base, such as 
aniline, toluidine, xylidine, chloraniline, anisidine, phenetidine, etc., 
this is readily isolated from the distillate and can be characterised 
by its boiling-point and other properties, and by the melting-point 
of its acetyl and benzoyl derivatives. If the first component is a 
non-volatile base, such as j8-naphthylamine, benzidine, tolidine, 
dianisidine, etc., it can be extracted by ether from the alkaline 
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solution and purified by distillation or by crystallisation of its 
hydrochloride or sulphate, m- or p-nitranilines and nitrotoluidines 
used as first components give rise to the corresponding diamines, 
which are not volatilised by steam but are extracted by ether from 
the alkaline solution. They can be purified by distillation and 
characterised by colour reactions, physical properties, and conversion 
into diacetyl compounds. If the first component is a sulphonated 
base, such as sulphanilic acid or toluidine sulphonic acid, it usually 
remains in great part dissolved in the excess of hydrochloric acid, 
and will crystallise out upon evaporation of the liquid. Sulphanilic 
acid is characterised by its crystalline form and by conversion into 
tribromaniline, m.p. 119°, upon treatment with bromine water, or 
by conversion into picric acid upon warming with nitric acid. 
Naphthionic acid is characterised by its sparing solubility and by 
conversion into dinitro-a-naphthol, m.p. 138°, upon warming with 
nitric acid. 

Reduction with Sodiv/m Hydrosulphite. — The dyestuff" (10 
grams) is dissolved in from 100 to 200 c.c. of boiling water, and 
solid sodium hydrosulphite (e.g. Hydrosulphite BASF) is added in 
small portions until complete decolourisation is efiected (usually 
10 to 20 grams are required). From the solution obtained, if 
necessary rendered slightly acid with hydrochloric acid, amido- 
naphthols, amidonaphthol sulphonic acids, naphthylenediamine 
sulphonic acids, amidosalicylic acid, amidopyrazolone sulphonic 
acids, etc., separate on cooling or after saturating the solution 
with common salt and allowing to stand. The precipitate is 
filtered off at the pump and washed with a little water. It can 
generally be purified by dissolving in neutral sodium sulphite and 
reprecipitating with hydrochloric acid. 

For the isolation of the first component the filtrate from 
which the above products have separated is rendered alkaline 
with caustic soda and distilled with steam, when aniline, o- 
and j9-toluidine, xylidines, chloranilines, anisidines, phenetidines, 
a-naphthylamine, etc., pass over. If the base is not volatile, the 
alkaline solution is extracted with ether, and the product purified 
by distillation (preferably in vacuo) or by crystallisation of its 
hydrochloride or sulphate. In those cases in which the sulphate 
of the base is sparingly soluble (benzidine, tolidine, dianisidine, 
diamidodiphenylamine, 1 : 4 naphthylenediamine) separation may 
be effected by adding sulphuric acid to the reduction liquid. 



INVESTIGATION OF AZO DYESTUFFS. 113 

Sulphonated amines, such as sulphanilic acid, toluidine sulphonic 
acids, etc., usually remain in solution after reduction and are 
separated by acidifying the reduction liquid with hydrochloric 
acid. 

When the azo compound is insoluble in water it is dissolved in 
alcohol, and a saturated aqueous solution of sodium hydrosulphite is 
added to the boiling liquid until complete decolourisation ensues. 
The solution is then distilled with steam, when alcohol passes over 
together with volatile bases (aniline, toluidine, etc.), whilst amido 
derivatives of second components (amido-j8-naphthol, amidophenyl- 
methylpyrazolone, etc.) separate out from the residue left in the 
flask, m- and ^s-diamines (derived from nitroamines employed as 
first components) can be obtained from the filtrate by extraction 
with ether. 

Nitration Method.— The dyestuff (preferably freed from salt) 
is added slowly to from ten to twenty times its weight of red 
fuming nitric acid, which is kept cooled to 20" to 30°. After 
standing for about ten minutes, the colour of the solution will have 
changed to brownish yellow; the mixture is then poured upon 
chopped ice. According to the nature of the dyestuif, either the 
diazo compound or the nitrophenol, more usually the latter, may be 
sparingly soluble in water and therefore separate out. In other 
cases both products may be insoluble, in which event the nitro- 
phenol is separated from the diazo compound by extracting the 
precipitate with alcohol, ether, or benzene. If both products remain 
dissolved, the nitrophenol, if unsulphonated, may be extracted from 
the liquid by ether, leaving the diazo compound in solution, or the 
latter may be removed by coupling with /9-naphthol, leaving the 
nitrophenol in solution. The diazo compound is identified by 
coupling with /3-naphthol or R-salt and reducing the product. The 
nitrophenol or nitrophenol ether is identified by its melting-point 
and other properties. Thus, dinitro-a-naphthol 1:2:4, which is 
obtained from azo derivatives of a-naphthol or of a-naphthol 2 
or 4 sulphonic acids, melts at 138°, is sparingly soluble in water, 
and gives a characteristic calcium salt crystallising in orange leaf- 
lets. Dinitro-a-naphthol sulphonic acid 1:2:4:7 is soluble in 
water, but is precipitated as the orange-yellow potassium salt 
(Naphthol Yellow S) upon addition of potassium chloride. Dinitro- 
anisol (obtained from azo compounds containing phenol as end 
component which is subsequently methylated) is insoluble in water 

8 
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and forms fine yellowish-white needles of m.p. 88°. Dinitro- 
phenetol (obtained from the corresponding ethylated dyestuflfs) 
crystallises in pale yellowish needles of m.p. 87°. 



EXAMPLES. 

I. Ponceau 2G. — 

GeH5.]Sr,.Ci„H4(OH)(S03Na), . 

Dissolve 10 grams of the dyestuif in 75 c.c. of boiling water, and 
to the hot solution add 11 grams of stannous chloride dissolved 
in 12'5 c.c. pure concentrated hydrochloric acid. When fully 
decolourised, filter quickly and add to the filtrate 75 c.c. of 
saturated salt solution. The crystalline magma formed is filtered 
ofi" on the pump and well drained. The precipitate is then dis- 
solved in a fairly strong solution of neutral sodium sulphite, 
filtered, and acidified with hydrochloric acid. The precipitate, 
which separates in fine colourless needles, is the acid sodium salt 
of amido-R-acid (amido-/3-naphthol disulphonic acid 1:2:3:6). 
The filtrate from which the above product has separated is made 
alkaline 'with caustic soda and distilled with steam, when aniline 
passes over. 

II. Ponceau 2R. — 

Dissolve 10 grams of the dyestufF in 100 c.c. of boiling water, and 
add to the hot solution 8 grams of solid sodium hydrosulphite. 
The solution obtained is filtered and the filtrate acidified until the 
brownish tint changes to yellow. On standing, the acid sodium 
salt of the amido-E-acid separates, and can be recrystallised from 
a small quantity of boiling water. The filtrate is rendered alkaline 
and distilled with steam, when a base passes over which is found 
to boil at 210° to 215° (commercial xylidine). 

III. Crystal Ponceau. — 

0,oH>.N,.OioH4(OH)(S08Na)2 . 

Dissolve 10 grams of the dyestuff in the minimum amount of 
boiling water and reduce with sodium hydrosulphite as above. 
Upon distilling with steam, a solid base passes over which is charac- 
terised as a-naphthylamine by its melting-point, boiling-point, and 
by the melting-point of its acetyl derivative. The residue left 
in the flask (which must not be allowed to increase in volume) 
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is filtered and acidified. On standing, the acid sodium salt of the 
amido-G-acid (amido-|8-naphthol disulphonic acid 1:2:6:8) slowly 
separates, and can be purified by solution in sodium sulphite and 
reprecipitation by acid. 

IV. Bordeaux S. — 

Oi„H5(S03lira).Kr2.0i„H,(OH)(S03lTa)a. 
Dissolve 10 grams of dyestuff" in 100 c.c. of boiling water and add 
3 grams of solid sodium hydrosulphite. Filter the decolourised 
solution and acidify hot with hydrochloric acid. Naphthionic 
acid separates at once and the filtrate deposits on standing the 
acid sodium salt of the amido-R-acid. 

V. Orange II. — 

C^,{SO,TSIa,).N,.0,^,.On. 

Dissolve 10 grams of the dyestuff in 75 c.c. of boiling water, add 
to the hot solution 10 grams of sodium hydrosulphite, and boil 
until a spot of the mixture on filter-paper shows a colourless rim. 
If the rim is yellow, more hydrosulphite must be added. The 
solution is now cooled, and the precipitated amido-|8-naphthol is 
filtered off on the pump and washed with cold water. The 
mother liquors on acidification' with hydrochloric acid deposit 
sulphanilic acid in crystals. For characterisation of the amido- 
/3-naphthol it is converted into /8-naphthoquinone. This is 
effected by mixing with 20 c.c. of dilute sulphuric acid (1 : 2), 
cooling with a little ice, and then adding a solution of 3 grams 
of sodium bichromate. The /3-naphthoquinone which separates 
out is filtered off and washed with water. 

VI. Alizarine Yellow G. — 

Dissolve 10 grams of the sodium salt in 100 c.c. of water, and reduce, 
boiling with 30 grams of sodium hydrosulphite. On cooling, amido- 
salicylic acid crystallises out. This is characterised by (a) conversion, 
on heating to about 280°, into p-amidophenol, which gives benzo- 
quinone on acid oxidation ; (6) f orination of the acetyl compound, 
m.p. 218°. Tlie mother liquor when rendered alkaline and extracted 
with ether yields Tn-phenylenediamine, identified by its colour 
reactions and by conversion into the diacetyl derivative, m.p. 191°. 

VII. Benzoazurine G. — 

C6H3(OCH3). N^. Cj„H5(0H)S0sNa 

C6Hs(OCHs).N2.C,oH,(OH)S03ira. 
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Dissolve 10 grams of the dyestufF in 50 c.c. of boiling water con- 
taining 1 c.c. of caustic soda (40 per cent.), and to the boiling solution 
add gradually 5 grams of sodium hydrosulphite. The precipitate 
which separates on cooling is filtered off, dissolved in dilute hydro- 
chloric acid, and the filtered solution reprecipitated with caustic 
soda. The base thus obtained, after recrystallisation from alcohol, 
has the melting-point 137° and gives the Zeisel test for methoxy 
groups, whilst its acetyl derivative melts at 231°. It is therefore 
dianisidine. The reduction fluid from which the dianisidine has 
been removed is acidified with hydrochloric acid, and the precipitate 
which separates upon standing is filtered off, and purified by dis- 
solving in hot sodium sulphite solution, filtering, and reprecipitating 
with a little hydrochloric acid. The product is identified as amido- 
NW-acid, 

Ci„H5(NH2)(OH)SOjH[2 : 1 : 4], 

by oxidation with nitric acid to /3-naphthoquinone sulphonic 
acid, which upon treatment with an aqueous solution of aniline 
gives the characteristic scarlet -red anilido-/3 -naphthoquinone, 
m.p. 252° to 253°. 

VIII. Diamine Gold.— ■ 

/ir2.C6H4.0CaH5 

Dissolve 10 grams of the dyestuff" in 100 c.c. of red fuming nitric 
acid, keeping the temperature at 20° to 30°. After standing for ten 
minutes pour upon chopped ice, filter off' the precipitate on the 
pump, and wash free from acid with cold water. Extract the 
precipitate on the filter with cold absolute alcohol, and finally wash 
with a little ether. The alcoholic extract upon dilution with water 
gives a crystalline precipitate of dinitrophenetol, 

which is filtered off, washed with water, and recrystallised from 
benzene or ether. It melts at 87°. The diazo compound which is 
left on the filter after extraction with alcohol is coupled with an 
alkaline solution of ;8-naphthol, and the dyestuff is reduced with 
sodium hydrosulphite. After removing the amido-/3-naphthol, the 
liquid on acidification gives a precipitate consisting of the diamido- 
naphthalene disulphonic acid, 

0,^t{N-B^U80,-K)ll : 5 : 3 : 7]. 






INVESTIGATION OF AZO DYESTUFFS. 117 

Characterisation of Reduction Products. 

The identification of the first components of azo dyestuffs 
usually presents but little difficulty, as these generally consist of 
well-known amido compounds the properties of which are given in 
the literature. Thus aniline and its homologues, o- and ^-anisidine 
o- and p-phenetidine, chloranilines, a- and /8-naphthylamine, etc., 
are characterised by their melting- and boiling-points, and by the 
melting-points of their acetyl or benzoyl derivatives. Phenylene 
and tolylene jn- and p- diamines are easily soluble in water, 
from which they are extracted with ether. They are identified by 
their melting-points, and by those of their diacetyl derivatives. 
Metadiamines give an orange-brown colouration with sodium nitrite 
and dilute acetic acid. Paradiamines yield a bright blue colour- 
ation (indamine) upon adding a few drops of chromic acid to a 
dilute aqueous solution containing an excess of aniline hydro- 
chloride. Benzidine, tolidine, and dianisidine are insoluble in 
water and form sparingly soluble sulphates, the most insoluble 
being that of benzidine. These bases are characterised by their 
melting-points and by the melting-points of their acetyl derivatives. 
Stdphonic acids of aniline, of toluidines, and of a- and /3-naphthyl- 
amines, are characterised by their crystalline form, solubility in 
water, and by their hydrolysis to amines upon fusion with caustic 
soda (p-sulphanilic acid), or on treatment in aqueous solution with 
sodium amalgam (/3-naphthylamine sulphonic acids), or by heating 
to 180° with 75 per cent, sulphuric acid (naphthionic acid). 
p-Sulphanilic acid is distinguished from m-sulphanilic acid by 
the formation of benzoquinone on oxidation with chromic acid, 
and of tribromaniline, m.p. 119°, on treatment with bromine water. 
a-Naphthylamine sulphonic acids 1 : 2 and 1 : 4 are distinguished 
from the 1 : 5, 1 : 6, 1 : 7, and 1 : 8 isomers by the production of 
dinitro-a-naphthol 1:2:4 upon heating with concentrated nitric 
acid and then pouring into water. The precipitated dinitronaphthol 
can be purified by conversion into the calcium salt. 

The identification of the final (or middle) components of an azo 
dyestuff presents greater difficulties than that of the first com- 
ponents, by reason of the fact that they are obtained upon 
reduction not as such but in the form of their amido compounds. 
In the following list will be found enumerated the most impor- 
tant of these amido compounds, together with a few of the less 
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familiar first components, and the reactions by which they are 
best characterised. 

p-Amidodiphenylamine. — 

CeH5.NH.CeH4.NH2[l : 4]. 

Plates. M.p. 75° (from light petroleum). Sparingly soluble in 

water. Sulphate sparingly soluble in water. On oxidation in 

acid aqueous solution with hydrogen peroxide in presence of a 

trace of ferrous sulphate, a voluminous indigo blue precipitate 

of WiUstatter's imide, OeH^.N : CeH, : N.06H,.NH.06H4.NH2, is 

formed. 

Di-p-amidodiphenylamine. — 

/CeH^.NHsLl : 4] 
NH< 

^CeH,.lIH2[l : 4]. 

Plates (from water). M.p. 158°. Sulphate sparingly soluble in 
water. Oxidation of its salts in cold dilute aqueous solution with 
chromic acid gives a bright blue indamine. Diacetyl derivative, 
needles, m.p. 239°. 

Dichlorbenzidine. — 

CsHaCl.NHjEl : 2 : 4] 
CsHsCLNHjEl : 2 : 4]. 
Needles. M.p. 133.° 

Azoxytoluidine. — 

.Oe-B,{cn,)-N:aii : i : 2] 

\C6H3(CH3)NH,[4:1:2]. 

Yellow needles or orange prisms. M.p. 168°. Best isolated by 
means of its hydrochloride, which is sparingly soluble in salt 
solution or in excess of hydrochloric acid. Diacetyl derivative, 
m.p. 290°. 

p-Naphthylenediamine. — 

CioH6(NH2)2[l : 4]. 

Separated as the sparingly soluble sulphate by addition of sulphuric 
acid to the reduction liquor, basified with caustic soda and distilled 
in vacuo. M.p. 120°. Gives a green fluorescent ethereal solution 
when shaken with ether in presence of alkalies. 
Amidosalicylie Acid. — 

C8H3(OH)(NH2)002H[l : 4 : 2]. 

Sparingly soluble needles. Decomposes at about 280°, evolving 
carbonic acid and giving p-amidophenol. Its "hydrochloride is 
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sparingly soluble in excess of hydrochloric acid. The acetyl 
compound is prepared by dissolving the acid (1"5 grams) in 
sufficient caustic potash (0'6 gram in 10 c.c. of water) and shaking 
vigorously with acetic anhydride (1 gram). The acetyl compound 
which separates is recrystallised from water and melts at 218°. 
Diamidostilbene Disulphonic Acid. — 

CH.CeH3(S03H)NH2[l : 2 : 4] 

II 

CH.C6H3(SOsH)IIH2[l : 2 : 4]. 

Sparingly soluble crystalline precipitate of ochreous colour. Easily 
soluble in alkalies. On diazotisation it yields a very sparingly 
soluble tetrazo compound as a microcrystalline powder which gives 
a violet dyestuff on combination with E-salt. A cold dilute 
solution of diamidostilbene disulphonic acid in aqueous soda is 
readily oxidised by potassium permanganate to p-amidobenzalde- 
hyde sulphonic acid, 06H3(NH2)(SO3H)0HO[4 : 2 : 1], which on 
treatment with phenylhydrazine yields a deeply coloured hydrazone. 
Dehydrothiotoluidine. — 



06H3(CH3)/ \O.CeH4.NH2. 



Glistening yellowish needles (from amyl alcohol). M.p. 191°. 
B.p. 434°. Insoluble in water and sparingly soluble in alcohol. 
Its salts are sparingly soluble and decomposed by water. Solutions 
fluoresce violet-blue or green. Acetyl derivative, m.p. 227°. 
Dehydrothioxylidine. — 

C^COH,)/ \c.CeH3(CP3)NH2. 

Similar to preceding, but more soluble in alcohol. M.p. 107°. Very 
high boiling-point. Acetyl derivative, m.p. 227°. 
Dehydrothiotoluidine Sulphonic Acid. — 

CeH3(CH3)<^ \C.CeH3(NH2)(S03H), 

Yellow precipitate insoluble in water. Its ammonium salt crys- 
tallises from water in sparingly soluble yellowish-white leaflets. 
It gives an insoluble yellow diazo compound. The salts have a 
blue fluorescence. 

Sulphophenylamidopyrazolone Ca/rboxylic Acid. — 

CO2H. O = N— N. CeH^. SO3H 

I I 

NH„.OH CO 
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Small needles, nearly insoluble in cold water or alcohol. The 
alkaline solution on exposure to air becomes reddish violet. A 
similar reaction is exhibited by other amido-pyrazolones and appears 
to be characteristic of these compounds. 
Amido-B-naphthol. — 

Ci„He(NH2)(OH)[l:2]. 

Quadratic prisms (from ether). Nearly insoluble in water. Best 
characterised by oxidation to /3-naphthoquinone by mixing the 
crude product obtained from 10 grams of dyestuff with 20 c.c. of 
dilute sulphuric acid (1 : 2), cooling with ice, and adding 3 grams 
of sodium bichromate dissolved in a little water. The naphtho- 
quinone separates out at once, and is washed with water and dried. 
ATnido-jS-oxynaphthoic Acid. — 

CioH6(NH2)(OH)(C02H)[l : 2 : 3]. 

Yellow prisms (from hot alcohol). Decomposes without melting 

at 205°. On boiling with dilute sulphuric acid or hydrochloric 

acid it is converted into dioxynaphthoic acid of m.p. 220°. 

Amido-HW-acid. — 

OH 



n 



^\ 



iNHa 



SO3H 

Not very soluble in cold water. The ammoniacal solution on filter- 
paper becomes rapidly green on exposure to air, finally assuming 
a deep myrtle colour which gives a bright terra-cotta spot with 
concentrated hydrochloric acid. The green colour changes to 
violet and then to red on warming, but returns to green on 
exposure to ammonia vapour. The solution in sodium acetate 
becomes violet on exposure to air. No characteristic reaction with 
ferric chloride. Nitrous acid gives a red solution, becoming orange. 
The acid is best characterised by oxidation to the very reactive 
;8-naphthoquinone sulphonic acid. This is readily effected by 
.dissolving the amido acid in three times its weight of nitric acid 
(specific gravity 1-4), warming gently, and as soon as the reaction is 
complete pouring into saturated salt solution. The sodium salt of 
the quinone sulphonic acid, OioHgOgCSOgNa), separates in golden- 
yellow needles, and condenses very easily with amines, giving, 
for example, with an aqueous solution of aniline the bright red 
anilido-/3-naphthoquinone, OioH502(NH06H5). This crystallises 
from hot alcohol in glistening golden needles. M.p. about 253°. 
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Amido-Freund's Acid. — 

OH 

Rather sparingly soluble in water. The ammoniacal solution 
exposed to air on filter-paper is greenish yellow, becoming dull 
green, and then giving a pink spot with concentrated hydrochloric 
acid. No colouration with ferric chloride. 
Aitnido-e-acid. — 

SO3H OH 

\/\/SOsH 

Crystallises from water in long colourless needles. Not very 
soluble cold. The ammoniacal solution on filter-paper becomes 
greenish yellow, and then gives a pale pink spot with hydrochloric 
acid. No reaction with ferric chloride or with nitrous acid. 
ATnido-Schaeffer Acid. — 

ITH2 
3H 



White crystalline powder. Easily soluble in hot water, sparingly 
in cold. The ammoniacal solution on filter-paper turns brown, 
the brown .colour giving a lilac spot with concentrated hydro- 
■ chloric acid which at once becomes pink. No reaction with 
ferric chloride or with nitrous acid. In presence of sodium acetate 
it gives characteristic reactions with diazo compounds ; thus with 
tetrazostilbene disulphonic acid a reddish-violet colouring-matter 
is formed which becomes bright blue on adding hydrochloric 
acid. It does not react with nitrosodimethylaniline hydrochloride. 
Amido-Bayer Acid. — 

SOjH NHj 

Sparingly soluble even in boiling water. Dissolves with difficulty 
in a solution of sodium acetate, and separates out again on cooling. 
The ammoniacal solution on filter-paper develops a greenish- 
yellow colour, deepening to reddish brown, and on spotting with 
concentrated hydrochloric acid the brown colour is discharged, 
leaving a bright- orange rim. Ferric chloride gives a yellow 
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colouration. No reaction with diazo compounds. On heating 
with nitrosodimethylaniline hydrochloride in 50 per cent, acetic 
acid solution, a characteristic violet dyestuff is produced. 
Aifnido-S-acid. — 

S03H,/\|/\,0H 

Small needles. Very similar in properties to the amido-Schaeffer 
acid, but more insoluble in water and less reactive. It does 
not react with nitrosodimethylaniline, but gives colouring-matters 
with diazo compounds, though less readily than the amido- 
Schaeffer acid. 

Amido-^-naphthol Sulphonic Acid 1:2: 4- — 

AoH 



SOsH 

White crystalline powder. Insoluble in water. Is best charac- 
terised by conversion into the very reactive /3-naphthoquinone 
sulphonic acid, OioH502(S03H)[l : 2 : 4] (see above). This is 
readily effected by stirring into one and a half times its weight 
of dilute nitric acid (20 per cent.), dissolving the paste obtained in 
water and adding a concentrated solution of potassium chloride, 
when the sparingly soluble potassium salt of the quinone sulphonic 
acid separates in golden-yellow needles. The latter deflagrates 
on heating between 170° and 175°, and when treated with an 
aqueous solution of aniline gives the above mentioned anilido- 
/3-naphthoquinone, OioH502(NHOgH5), which crystallises from hot 
alcohol in glistening golden needles, melting with decomposition 
at about 253°. 

Amido-R-acid. — 

Easily soluble in water. On adding sodium chloride to the reduc- 
tion fluid it separates as the acid sodium salt in white silky needles. 
The ammoniacal solution on filter-paper becomes greenish yellow, 
which gives a pale pink spot with concentrated hydrochloric acid. 
No reaction with ferric chloride. It does not give colourations 
either with diazo compounds or with nitrosodimethylaniline. 
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Amido-G-acid. — ' 






Easily soluble in water. On adding sodium chloride to the 
reduction liquid the acid sodium sa;lt separates in microscopic 
prisms. The ammoniacal solution on filter-paper becomes greenish 
yellow, and finally reddish brown, the brown colour giving an 
orange-scarlet spot with hydrochloric acid. No reaction with ferric 
chloride. Though very similar to the preceding acids, it is more 
stable and less oxidisable. 

Amido-naphthionic Acid. — 



Anh, 



I 

SOgH 

Sparingly soluble in water. The ammoniacal solution is only 
oxidised very slowly by air, becoming pale greenish brown, which 
is changed to a pale pink by concentrated hydrochloric acid. 
Ferric chloride in small amount gives a dirty green colouration, 
becoming rapidly brownish black ; with an excess of ferric chloride 
it becomes dull green, and on standing or warming, bright grass 
green with a green precipitate. It is best characterised by con- 
densation with phenanthraquinone to the crystalline quinoxaline 
sulphonic acid, 

Oi„H,(SO,H)f 



JT-C-0„H4 

:)C II I 



which gives a bluish-violet solution in concentrated sulphuric 
acid. This condensation is efiected by mixing the boiling solution, 
acidified with acetic acid, with a solution containing the equivalent 
quantity of phenanthraquinone dissolved in the requisite amount 
of sodium bisulphite solution, and to which is also added an excess 
of sodium acetate. The quinoxaline separates almost immediately 
in fine lemon-yellow needles. 
Amido-Bronner Acid. — 

Fine pointed or flat needles. Very sparingly soluble in water. 
The ammoniacal solution oxidises in air very slowly, finally 



124 ANALYSIS OF DYE3TUFFS, 

developing a brownish-pink colouration, which is changed to red 
and then slowly decolourised when spotted with concentrated 
hydrochloric acid. Ferric chloride gives a yellow colouration, 
rapidly becoming deep bluish green. It condenses with phen- 
anthraquinone, giving a crystalline yellow quinoxaline which is 
distinguished from that obtained from the preceding isomer by 
dissolving in concentrated sulphuric acid with a redder shade 
of violet. 

Ainido-F-acid. — 

\/\/ 

More soluble than the two preceding acids. It is indistinguishable 
in general properties from the amido-Bronner acid, and gives a 
quinoxaline sulphonic acid which also dissolves in concentrated sul- 
phuric acid giving a reddish-violet colour. It can be distinguished,^ 
however, by the behaviour of the hydroxyazine obtained upon 
fusing a little of the quinoxaline sulphonic acid with caustic soda 
and precipitating with dilute hydrochloric acid. The hydroxyazine 
from the F-acid gives a violet solution in concentrated sulphuric 
acid which becomes brownish red on dilution ; that from the 
Bronner acid gives a pure blue, changed to cherry red on dilution. 
Amido-chromotropic Acid. — 

OH OH 

Easily soluble in water. The ammoniacal solution turns orange 
on exposure to air. The orange colour gives a yellow spot with con- 
centrated hydrochloric acid, which fades on drying. The solution 
in sodium acetate is scarcely oxidised by air. Excess of ferric 
chloride produces a brownish-red colouration. 
ATnido-H-acid. — 

NH^ OH 
,/\,/\,NH, 
S03H)^^S03H 

Easily soluble in water. The ammoniacal solution on filter-paper 
becomes bright orange in air. The orange colour gives with con- 
centrated, hydrochloric acid a bright blue spot, quickly becoming 
more violet with a magenta-coloured rim. The sodium acetate 
solution oxidises in air more slowly than the ammoniacal. Ferric 
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chloride added to the dilute aqueous solution gives a bluish-violet 
colouration, rapidly becoming magenta red. 
Amido-2S-acid. — 

MTHa OH 
S03h/\,^NH3 

S03H 

Easily soluble in water. The ammoniacal solution on filter-paper 
behaves very similarly to that of the amido-H-acid. The reaction 
with ferric chloride is also the same. The sodium acetate solution 
becomes dull green on exposure to air, changing later to pink. 
The green colour gives a greyish-blue spot with concentrated 
hydrochloric acid. 
A mido-K-acid. — 

NH2 OH 

S03H 

Reactions very similar to the amido-H-acid. 
Amido-J-acid. — 

S03H,/\^,NH, 

OH 

Sparingly soluble in water. The hot aqueous solution has a blue 
fluorescence, and dilute alkaline solutions (in presence of sodium 
hydrosulphite) have a bright green fluorescence. The ammoniacal 
solution exposed to air on filter-paper is at first greenish yellow, 
rapidly becoming brown. The brown colour gives with concentrated 
hydrochloric acid a green spot, which almost immediately becomes 
pink with a green rim. With dilute hydrochloric acid the brown 
colour gives a bright green spot, becoming duller. Added to a very 
dilute aqueous suspension of the acid, a drop of ferric chloride gives 
at first a" dull green colour, which rapidly becomes dull violet, then 
bluish red, and finally brownish red. In aqueous suspension the 
acid can be diazotised and coupled with ^-naphthol. 
A inido-y-acid. — 

OH 

nh/\,/^,ith. 

Sparingly soluble in water. The ammoniacal solution exposed to 
air on filter-paper rapidly becomes brown, and the brown colour 
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gives a dull violet spot with concentrated hydrochloric acid. 
■ Ferric chloride gives a green colour, rapidly becoming violet. 
Nitrous acid gives a deep brown solution. 
Diamido'H-acid. — 

NHj OH 

Colourless crystalline powder which rapidly becomes bright blue 
on exposure to air. The aqueous solution also rapidly becomes 
bright blue. The ammoniacal solution on filter-paper quickly 
becomes deep bluish violet, and finally greyish black. With 
concentrated hydrochloric acid the violet colour gives a bright 
bluish-green spot and the grey colour a brilliant green. Ferric 
, chloride gives a thick blue precipitate. Nitrous acid also gives the 
same reaction. The blue precipitate is soluble in dilute caustic 
soda, giving a bright bluish-red solution. 
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Amido-naphthol sulphonie acids, 120, 

121, 122. 
Amido-phenylamine, 118. 
Amido-salioylic acid, 118. 
Amido-Schaeffer acid, 121. 
Anilido-^-naphthoquinone, 120, 122. 



Aniline Black, estimation on fibre,- 20. 

formation, 33. 

identification, 34. 
Animal fibres, identification of dye- 
stuffs upon, 55. 
Anthracene, 2. 
Anthraquinone class, 18. 
Anthraquinone vat coloiirs, structure, 

19. 
Anthraquinone vat dyestuffs, 39. 
Auramine, 16. 
Auxochromes, 5. 
Azine class, 19. 
Azo class, 10. 
Azo colours for lakes, 1 00. 
Azo dyestuffs, acid, 14. 

action of alkalies, 13. 

basic, 14. 

colour of solution in sulphuric acid, 
13." 

determination of constitution of, 109. 

insoluble, 34. 

mordant, 14. 

pigment, 14. 

salt; 14. 
Azo Scarlets and Reds for lake-making, 

26. 
Azoxyamine colours, 30. 
Azoxytoluidine, 118. 

Basic and basic-mordant dyestuffs, 

tests, 48, 70. 
Basic dyestuffs, 25, 26. 

transference to wool, 73. 

use in lake-making, 100. 
Basic-mordant dyestuffs, 21, 32. 
Benzene, 2. 

Benzenoid hydrocarbons, 1. 
Benzo Fast Scarlets, 30. 
Benzoazurine G, reduction of, 115. 
Benzoform colours, 31. 
Benzonitrol Browns, 36. 
Biebrich Scarlet, 1 3. 
Bisulphite compounds, 8. 

test for, 48. 
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^-Naplillioquinone, 120. 
/S-TSTapMhoquinone sulphonic acid, 120, 

122. 
Bordeaux S, reduction of, 115. 
Bottomed Blues, analysis of, 85. 
Brazilwood, 23. 
Brilliant Indigos, 24. 
Brilliant Scarlet, 13. 
Brilliant Yellow, 13. 
Bromindigo, 24. 

Cadmium Yellow, 99, 103. 

Calico prints, identification of colours 
in, 68. 

Capillarity tests, 50, 102. 

Clilorazol Brilliant Blue, 15, 30. 

Chlorine, influence of ortho substitu- 
tion, 15. 

Chlorophenine Yellow, 22, 30. 

Chrome dyestuffs, 28, 31. 

Chrome YeUow and Chrome Orange, 
99, 103. 

Chromogens, 5. 

Chromophors, 5. 

Chromoxane colours, 16. 

Chrysophenine, 13. 

Ciba Blue, 24, 91. 

Ciba colours, 38. 

Cibanone colours, 39. 

Classification of dyestuflfs, 9, 25, 40. 

Colour related to chemical constitution, 
5. 

Colouring-matters, see Dyestuffs. 

Concomitant dyestuffs, separation from 
indigo, 90. 

Congo Red, 13. 

Cotton, identification of dyestuffs upon, 
68. 

Coupled colours, 35, 36. 

Cresol, solubility of dyestuffs in, 92. 

Crocein Scarlet, 11, 13. 

Crystal Ponceau, reduction of, 114. 

Cutch Brown, 32. 

Cyanines, 23. 

Dehydrothiotoldidinb, 119. 
Dehydrothiotoluidine sulphonic acid, 

119. 
Dehydrothioxylidine, 119. 
Developed colours, 34, 35, 36. 
Diamidbdiphenylamine, 118. 
Diamido-naphthol sulphonic acids, 124, 

125. 
Diamidostilbene disulphonic acid, 1 19. 
Diamine colours, 29. 
Diamine Gold, nitration of, 116. 
Diamine nitrosol colours, 36. 
Diamine Rose, 22, 30. 



Diaminogens, 35. 

Dianil Yellow, 22. 

Dianisidine Blue, 34. 

Diazo Blacks, 35. 

Dichlorobenzidine, 118. 

Dietic articles, dyestuffs for colouring, 

52, 53. 
Dinitro-a-naphthol sulphonic acid, 113. 
Dinitro-phenetol, 114. • 
Direct dyestuffs, 28, 29, 30. 
Dyed materials, detection of mixtures 

in, 62, 63. 
Dyestuffs accompanying indigo — 
on cotton and linen, 97. 
on wool, 95. 
analysis in substance, 41, 52. 
existence in quinonoid and benzenoid 

forms, 6. 
from J acid, 30. 
Dyestuff-synthesis, principles of, 4. 

EosiNB A, constitution, 16. 
Eosines, separation of, 17. 
Erica, 22, 30. 
Eriochrome Azurol, 16. 

Fast acid dyestuffs, 28. 

Fast Acid Violets, constitution, 16. 

Flavone class, 23. 

Food, detection of dyestuffs in, 52, 53, 

54. 
Formaldehyde fixation method, 31. 
Formdnek's system of spectroscopic 

analysis, 43, 45, 
Fustic, 23. 

Gallootanine, 21, 32. 

Green- Weingartner system of analysis, 

43. 
Guignet Green, 99, 104. 

Halogens, identification of, 49. 
Helindone colours, 38. 
Helio colours, use in lake-making, 100. 
Hydrone Blues and Violets, 38. 
Hydrosulphite reagents, 58, 71. 

Indanthrene colours, 1 8, 19, 39. 
Indigo, analysis of commercial, 76. 

estimation on the fibre, 81. 

extraction from fibre, 63, 64, 81, 90. 
Indigo Blue, constitution, 24. 
Indigo-dyed cotton and linen, testing, 
96. 

woollen materials, testing, 79. 
Indigoid class, 23. 

Indigoid dyestuffs in fibre, detection, 
61. 
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Indigoid vat dyestuffs, 38. 

Ingrain colours, 35. 

Insoluble azo dyestuffs in lake-making, 

99. 
Intermediate products, 3. 
Isolation of reduction products of azo 

dyestuffs. 111, 112. 

Jute, identification of dyestuffs upon, 
68. 

Lake Reds, 100. 

Lakes, analysis of, 98, 104. 

transference of dyestuffs from, 105, 

106. 
Lamp Black, 99, 104. 
Leuco compounds, 7. 
Linen, identification of dyestuffs upon, 

68. 
Lithol Reds, use in lake-making, 100. 
Lloyd's extraction apparatus, 81. 
Logwood, 23. 
removal from fibre, 64. 

Mbldola's Blue, 21. 
Mercerol colours, 28. 
Metachrome process of dyeing, 28, 32. 
Metbyl Orange, 13. 
Metbyl Violet, constitution, 15. 
Methylene Blue, constitution, 21. 
Mikado Yellows and Oranges, 30. 
Milori Blue, 103. 
Mineral pigments, 99, 103. 
Mixed shades, analysis of, 62, 63. 
Mixtures of dyestuffs, separation or 
detection of, 50, 51, 52, 62, 90, 
102. 
Mordant dyestuffs, 31, 32, 33. 

tests on fibre, 33. 

use in lake-making, 101. 
Mordants, detection of, upon fibre, 61. 

influence of, upon dyestuff reactions, 
68. 
Morin, 23. 

Naphthalene, 2. 
Naphthol AC colours, 34. 
Naphthol Yellow S, 10. 
^-Naphthoquinone, 120. 
/3-Naphthoquinone sulphqnio acid, 120, 

122. 
Naphthylamine Bordeaux, 34. 
Naphthylated Rosanilines, 15, 30. 
Naphthylenediaraine, 118. 
Naphthylenediamine sulphonic acids, 

18. 
Navy Blues, analysis of, 81, 84, 85, 



Nitration method of investigating con- 
stitution, 113. 

Nitric acid, action on azo dyestuffs, 12, 
113. 

Nitro class, 10. 

Nitroamines, use in lake-making, 99. 

Nitroso class, 9. 

Ochre, 99, 104. 
Oil colours, 26. 
Orange Lead, 103. 
Orange 2G, reduction of, 114. 
Orange II., reduction of, 115. 
Orthoquinonoid dyestuffs, character- 
istics, 7. 
Oxazine class, 20. 
Oxidation colours, 33. 
3-Oxynaphthoic aniUde, 34. 

Para Red, 34. 

Paramine Brown, 34. 

Paranitraniline, coupling, 31, 35. 

Paraquinonoid dyestuffs, characteristics, 
8. 

Patent Blues, constitution, 15. 

Permanent Reds, 100. 

Phosphine, constitution, 17. 

Photographic sensitisers, 23. 

Phthalein class, 16. 

Pigment colours, 33. 

Pigments, analysis of, 98, 104. 

Ponceau 2R, reduction of, 114. 

Porai-Koschitz and Auschkap, spectro- 
scopic analysis of dyed materials, 
43. 

PrimuUne, constitution and properties, 
21. 

Prussian Blue, 103. 

Pyridine, solubility of dyestuffs in, 92. 

Pyrone class, 16. 

QuiNOLlNB class, 22. 

QuinoUne Red, 23. 

Quinoiine Yellow, constitution, 22. 

Quinonoid structure of dyestuffs, 5, 6. 

Ramie, identification of dyestuffs upon, 

68. 
Reduction of azo dyestuffs with stannous 
chloride. 111. 
of azo dyestuffs with hydrosulphites, 

112. 
of dyestuffs, specific behaviour, 8, 42. 
method of investigating constitution, 

no. 

products of azo dyestuffs, character- 
isation, 117. 
and reoxidation tests, 47, 57, 74. 

9 
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Eelative colour effect due to indigo, 

determination, 85. 
Rhodamine B, constitution, 16. 
Eosantlirenes, 30, 35. 
Eosophenine, 30. 

Saseanine, azo colours, 20. 

structure, 19. 
Salt dyestuffs, 28, 29, 30. 
Salt-mordant colours, 29, 32. 
Separation of mixtures of dyestuffs, 40, 

50, 52. 
Setoglauoines, constitution, 15. 
Sienna, 99, 104. 

Silk, identification of dyestuffs on, 55. 
Spectroscopic analysis, 43. 
Steam Green, 10. 
Stilbene azo dyestuffs, 12, 30. 

colours, 30. 
Stripping tests, 59, 72, 73. 
Substituenta, introduction of, 3. 
Substrata for coloured lakes, 101. 
Sulphide dyestuffs, 36, 37. 

test for, 48, 74. 
Sulpbonated and unsulpbonated dye- 
stuffs, distinction, 49. 
Sulphoncyanines, 28. 
Sulphophenylamidopyrazolone carbo- 

xylic acid, 119. 
Sulphur vat colours, 39. 

test for, 48. 

Tannin mordant, removal of, 69, 73. 
Tautomeric change in dyestuffs, 6 
Tetrabromo-indigo, 91. 
Thiazine class, 21. 
Thiazol-azo dyestuffs, 12, 30. 
Thiazol class, 21, 29, 30. 
Thiazol YeUow, 22. 
Thiobenzenyl class, 21. 



Thioflavine, 22. 
Thioindigo colours, 38. 
Thioindigo Red, constitution, 24. 
Tintometer measurements and indigo 

percentages, 87. 
use in indigo analysis, 86. 
Titan Como, 15, 30. 
Titanium trichloride, estimations with, 

11. 
Toluene, 2. 

Topped Blues, analysis of, 84. 
Transference of basic dyestuffs to wool, 

73. 
of dyestuffs from lakes to cotton, 106. 
from lakes to wool, 105. 
Triamidonaphthol disulphonio acid, 

126. 
Triphenylmethane class, 14. 
Triphenylmethane colours on fibre, 

test for, 61. 
Turkey Red, 32. 

Ultramarine Blue and Violet, 103. 
Umber, 104 
Ursols, 34. 

Valuation of commercial indigos, 76. 
Vat dyestuffs, 38. 

test for, 48. 

use in lake-making, 101. 
Vegetable fibres, identification of dye- 
stuffs upon, 68. 
Venetian Red, 99, 104. 
Vermilion, 99, 104. 
Violamines, constitution, 16. 
Vulcan Black, 31. 

Wool, identification of dyestuffs on, 55, 

ZiNO chrome, 99, 103. 
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ACBTOPUEPUMNB, V, 4. 

ACETYL BED, vi, 5 ; Ix, 10. 

ACaCD AlitZABINE BLACK, vl, 16 ; xiv, 9. 

ACID AUZAMNE BLUE, vi, 19 ; xl, 14 ; 

zxs, 8 ; XXX, 17. 

ACID ALIZARINE BEOWJST, vl, 12 ; XUi, 7. 

ACID AUZAEINE GAUNET, vi, 11. 

ACID AUZABINB QEEBN, vi, 15 ; vi, 17 ; 

xii, 16. 

ACID AT.TZ.AHINE OBEY, xlv, 9. 
ACID ALIZARINE BED, vl, 11 ; ix, 17. 
ACID ALIZARINE 7I0LBT, vl, 15 ; X, 15. 
ACID ALIZAEINE YELLOW, Viil, 15. 
ACID ANTHRACENE BROWN, vi, 12 ; xiii, 

7. 

ACID ANTHBACBNB BED, vl, 11 J ix, 18. 
ACID BLACK, Vl, 10. 

ACID BROWN, vi, 6 ; xul, 3 ; xx, 1. 

ACID CHBOME BLACK, vi, 16 ; xiv, 9. 
ACID CHROME BLTTE, vl, 11 ; xl, 23 ; 

* XXV. 
ACID CHROME BROWN, xlli, 7. 
ACID CHROME GBEBN, vl, IS ; xil, 13. 
ACID CHROME RED, vl, 11. 
ACID CHROME VIOLET, X, 15. 
ACID CHROME YELLOW, vi, 12. 
ACID CYANINE, vl, 2 ; Xl, 6. 
ACID BOSINBS, XXX, 7. 
ACID JTJCH3INE, Ix, 9. 

ACID GREENS, vi, 3 ; xil, 6 ; xix, 1 ; 
XXX, 10. 

ACID MAGENTA, vi, 3 ; Ix, 9. 

ACID RHODAMINE, vi, 3 ; IX, 7 ; XXX, 7. 

ACID BOSAMINE, vl, 3 ; Ix, 7. 

ACID VIOLETS, vi, 3 .; X, 5 ; X, 7 ; x, 8 ; 
xvH, 2 ; XXX, 10 ; xxv. 

ACID YELLOW, vi, 6. 

ACRIDINE ORANGE, iv, 2 J vlii, 1 ; XV, 

9. 

ACRIDINE BED, Iv, 9 ; xvi, 3. 
ACRIDINE YELLOW, iv, 2 ; viu, 1 ; XV, 9. 



AGALMA BLACK, vl, 10. 

AOALMA GBEBN, vi, 3 ; xu, 5 ; xix, 1. 

ALGOL BLUES, XXX, 18. 

ALGOL BRILLIANT VIOLETS, XXX, 3. 

ALGOL BBOWN, vil, 7 ; XX, 15. 

ALGOL DARK 6EEEN, Vli, 7. 

ALGOL GBEBN, XIX, 19. 

ALGOL OUVE, VU, 7. 

ALGOL OBANOB, XV, 18. 

ALGOL PINK, xvi, 12 ; XXX, 3. 

ALGOL BED, xvi, 12 ; xvl, 16 ; XXX, 3. 

ALGOL SOABIET, VU, 8 ; XVi, 12. 
ALGOL SEBIBS, vii, 9. 
ALGOL YELLOW, XV, 18 ; XXX, 3. 
AIJZADINB BLACK, xiv, 10. 
AMZADINE BBOWN, vl, 12. 
AIJZADINB OBANGE, vi, 12. 
ALIZADINB YELLOW, viii, 15. 

ALIZARINE, vii, 2 ; xvi, 15. 

ALIZARINE ASTBOL, vl, 18 ; xi, 13. 

ALIZARINE BLACK, vl, 19 ; vll, 2 ; xiv, 

11 ; xxi, 13. 
AUZABINB BLUB, vi, 19 ; vil, 2 ; xi, 26 ; 

xviii, 17 ; xxv. 

ALIZARINE BLUE BLACK, xlv, 11 } XXl, 

13 ; xxi, 14 ; xxv. 

ALIZARINE BOBDBAUX, vil, 2 ; X, 18 ; 

xvii, 18 ; xxx, 17. 

ALIZARINE BRILLIANT GREEN, vi, 18 ; 

xii, 8. 

AUZABINB BBOWN, vU, 2 J Xul, 9 ; XX, 

12. 

ALIZARINE CABMINB BLUE, vl, 18. 
ALIZAEINE CLABET, X, 18 ; Xvii, 17. 
ALIZAIMNB CYANINB, vl, 19 ; vU, 2 ; 

xl, 14 ; xvii, 18 ; xviii, 16 ; xviU, 
17 ; xxv. 

AUZABINB CYANINB BLACK, VU, 2 ; xlv, 

7 ; xxi, 14. 

ALIZARINE CYANINB OEEEN, vl, 18; 

xii, 8 ; xii, 18 ; xix, 12 ; xxx, 8. 
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AUZAEINE CYANOL, vi, 17 ; vi, 18 ; 
xi, 12 ; xi, 13. 

ALIZABINE CTANOL VIOLET, vl, 18 ; X, 

10. 
AUZAEINE OYCLAMENE, Xvii, 17 ; XXX, 

17. 

ALIZABINE DARK GREEN, vl, 19 ; xii, 17. 
ALIZABINE DIBECT BLUE, vi, 17 ; Vl, 18 J 

xi, 12 ; xi, 13 ; xxx, 8. 

AUZAEINE DIRECT OYANINE, vl, 17. 
AUZAEINE DIRECT GBBBN, vl, 18 ; xii, 

7 ; xxx, 8. 

AUZAEINE DIRECT VIOLET, vi, 18 ; X, 

10 ; xxx, 8. 

AUZAEINE EMEEALDOL, vi, 17 ; xii, 7. 
AUZAEINE GABNET, vii, 2. 
AUZAEINE GEBANOL, vi, 18. 

AUZAEINE GEEEN, vi, 12 ; vi, 19 ; vii, 
2 ; xii, 9 ; xii, 17 ; xix, 14 ; xix, 
15. 

AUZAEINE HEUOTEOPE, XXX, 8. 
AUZAEINE INDIGO, vii, 8 ; XXX, 2. 
AUZAEINE INDIGO ELITE, vi, 19 ; xi, 14. 
AUZAEINE INDIGO GEBY, vii, 8. 
AUZAEINE INDIGO BED, vii, 8. 
AUZAEINE lEISOL, vi, 18 ; X, 10. 

AUZAEINE MAEOON, vii, 2 ; X, 18 J xvi, 

14 ; xvi, 15. 
AUZAEINE OEANGE, vi, 19 ; viii, 18 ; 

XV, 17 ; XX, 13 ; xxx, 17. 

AUZAEINE PINK, XVi, 14. 

AUZAEINE PUEPLE, XVii, 11 ; XXX, 17. 

AUZAEINE BED, vi, 19 ; viii, 18 ; ix, 20 ; 

X, 17 ; xvi, 14 ; xvii, 17 ; xx, 13 ; 

XXV ; XXX, 17. 
AUZAEINE EUBINOL, vl, 18 ; ix, 12 ; 

xxx, 8. 

AUZAEINE SAPHEBOL, vi, 17 ; xi, 12. 
AUZAEINE SKY BLUE, vi, 18 ; xi, 13. 
AUZAEINE UEANOL, vi, 18 ; xi, 13. 
AUZAEINE VIOLET, XVU, 17. 
AUZAEINE VIEIDINB, Vl, 18 ; xii, 18 

xix, 13. 

AUZAEINE YELLOWS, vi, 12 ; VU, 3 

viii, 11 ; viii, 15 ; xv, 5 ; xv, 14. 
ALKAU BLUES, vl, 3 ; xi, 10 ; xviii, 1 
xxx, 10. 

ALKAU PAST GEEEN, vl, 3 ; xii, 5. 

ALKAU VIOLETS, vi, 3 ; X, 8 ; xvii, 2. 

ALPHANAPHTHYLAMINE BOEDEAUX, XVI, 

9. 

ALPHANOL BLACK, vi, 10. 
ALSACE GEEEN, vii, 3 ; xix, 8. 
AMARANTH, vi, 5. 
AMETHYST VIOLET, iv, 7. 



AMEDO ACID BLACK, vi, 10. 

AMIDO BLACK, vi, 10 ; xiv, 2. 

AMIDO NAPHTHOL BLACK, vi, 10. 
AMIDO NAPHTHOL EBD, vi, 5 ; ix, 10. 
AMINE BLACK, xiv, 2. 

ANIUNE BLACK, xiv, 8 ; xxi, 12. 
ANisouNE, ix, 1 ; xvi, 3 ; xvii, 3. 

ANTHOSINE, vi, 5. 
ANTHOSINE VIOLET, vi, 9. 
ANTHBACBNE ACID BLACK, Vl, 16 ; xlv, 

10. 

ANTHBACENE ACID BROWN, vi, 12 ; xiii, 

7. 

ANTHBACENE BLUB, vi, 19 ; VU, 2 ; 

xi, 14 ; xviii, 16 ; xviii, 17 ; xxx, 17. 
ANTHBACENE BEOWN, vii, 2 ; xiU, 9 ; 
XX, 12. 

ANTHBACENE CHBOMATE BEOWN, xiii, 7. 
ANTHBACENE CHBOMATE GEEY, xiv, 10. 
ANTHRACENE CHROME BLACK, vi, 16 ; 

xiv, 9. 

ANTHRACENE CHROME BLUE, xl, 23. 
ANTHRACENE CHROME BEOWN, Vl, 12. 
ANTHBACENE CHROME BED, vi, 11 ; ix, 

17. 

ANTHBACENE CHROME VIOLET, vi, 11. 
ANTHRACENE GEEEN, xlx, 16. 
ANTHBACENE OBANGE, vi, 12. 
ANTHBACENE BED, V, 4 ; ix, 18 ; XXX, 

16. 

ANTHRACENE YELLOW, vl, 12 ; vii, 3 ; 

viii, 15. 

ANTHRACITE BLACK, VJ, 10. 
ANTHEACYANINB, vi, 17 ; xi, 12. 
ANTHRAPLAVONE, vii, 9 ; XV, 18. ' 

ANTHBAGALLOL, vii, 2 ; xiii, 9 ; XX, 12. 

ANTHEAPUBPUEIN, vii, 2. 
ANTHEAQUINONE BLUE, vi, 17 ; xi, 13. 
ANTHEAQUINONE BLUE GEEEN, vi, 18 

xii, 8. 

ANTHEAQUINONE GREEN, vi, 18 ; XU, 8 

XXX, 8. 

ANTHEAQUINONE VIOLET, vi, 18 ; X, 10 

XXX, 8. 

ARCHIL, ix, 2. 
AURACINE, iv, 2. 

AUEAMINB, iv, 17 ; viii, 2 ; xv, 8 ; xxx, 
12. 

AURANOL, V, 1 ; vii, 1. 
AUROPHOSPHENE, Iv, 2 ; vui, 1 ; XV, 9. 

AUTOCHROME BLUE, V, 7 ; xi, 24. 
AUTOCHROME OBEY, xiv, 9. 
AUTOCHEOMB OEANGE, V, 5 ; viii, 16. 
AUTOCHEOME BED, V, 4 ; ix, 18. 
AUTOL BEILUANT RED, XXX, 1. 
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AUTOL OKANGE, XXX, 1. 
AtTTOL REDS, VU, 6 ; XXX, 1. 
AZIDINB GREENS AND OUVBS, V, 6. 

AZINB GREEN, iv, 3 J xji, 2 ; xii, 4 ; 
xix, 2. 

AZINE SCARLET, Xvi, 4. 

Azo ACID BLACK, vi, 10 ; xiv, 2. 
AZO ACID BLUB, vi, 8 ; xi, 11. 
AZO ACID OAKMINB, vi, 5. 
AZO ACID RED, vi, 6 ; ix, 10. 
AZO ACID VIOLET, vi, 9 ; X, 9. 

AZO ACID YELLOW, vi, 6 ; viu, 9. 

AZO AUZARINB OARMOISINB, vi, 11. 
AZO ALIZAEINE ORANGE, vi, 12. 
AZO ALIZARINE YELLOW, vi, 12. 

AZO CARMINE, vl, 2 ; ix, 8 ; XXX, 9. 

AZO CHROME BLUE, vi, 11. 
AZO COCCINE, vi, 5. 
AZO CYANINE, vi, 8 ; xi, 11. 
AZO EOSINB, vi, 5. 

AZO iXiAViNB, vi, 6 ; viii, 9. 

AZO BUCHSINB, vl, 5 ; ix, 11 ; XXV. 

AZO MAUVE, V, 8. 

AZO MERINO BLACK, vi, 10 ; xiv, 2. 

AZO MERINO BLUB, vi, 8 ; xi, 11. 

AZO MILLING RED, vi, 6. 

AZO NAVY BLUE, vi, 8 ; xi, 11. 

AZO PHOR BLACK, Xxi, 9. 

AZO PHOSPHINE, iv, 14 ; viii, 5 ; xv, 10. 

AZO PUBPURINB, V, 4. 
AZO RUBINE, vi, 5. 
AZO VIOLET, V, 8. 
AZO YELLOW, viU, 9. 

BAHWOOD, ix, 16 ; XXV. 

BASLE BLUE, iv, 5 ; xviii, 3. 

BENZAZURINB, XXX, 5. 
BENZIDINE BROWNS, XX, 5. 
BENZIDINE PUCE, Xvil, 12. 

BENzo BLUB, V, 7 ; xi, 25 ; xviii, 8 ; 

xviii, 9. 
BENZO BROWN, xiii, 8. 

BENZO PAST BLUB, XXX, 5. 
BENZO FAST EOSINE, V, 4. 
BENZO PAST HELIOTROPE, V, 8. 

BENZO PAST SCARLET, ix, 19 ; xvi, 7 ; 
XXX, 5. 

BENZO PAST VIOLET, XXX, 5. 

BENZO GREENS AND OLIVES, V, 6 ; xii, 

15 ; xix, 6. 

BENZO REDS AND SCARLETS, V, 4 ; ix, 

19. 

BENZO SKY BLUB, xi, 25. 

BENZO VIOLETS AND HELIOTROPES, V, 8 J 

xvii, 9. 



BENZO YELLOWS, ORANGES, BROWNS, 

V, 5 ; XV, 12 ; xx, 3. 
BBNZOFLAVINB, iv, 2 ; viii, 1 ; xv, 9. 

BENZOEORM BLUBS, V, 7. 
BBNZOEORM REDS AND SCARLETS, V, 4. 
BBNZOPORM VIOLETS AND HELIOS, V, 8. 
BBNZOPORM YELLOWS, ORANGES, 

BROWNS, V,' 5. 
BBNZOPURPURINB, V, 4 ; ix, 19. 
BENZYL BLUB, XXX, 10. 

BENZYL VIOLET, iv, 12 ; X, 2 ; xvii, 5 ; 
XXX, 14. 

BETAMINB BLUB, xi, 10 ; Xviu, 1. 
BIBBBICH ACID RED, vi, 5 ; ix, 10. 
BIBBRICH PATENT BLACK, vi, 10 ; xiv, 

2. 

BIBBRICH SCARLET, vi, 5 ; ix, 10. 
BISMARCK BROWN, iv, 15 ; Xui, 2 ; XX, 

2 ; XXX, 15. 

BONSOr'S BLACK, xiv, 5. 

BORDEAUX, vi, 6. 

BRAZILWOOD, ix, 6 ; X, 3. 

BRILLIANT ACID BLUE, vi, 4 ; xi, 9 ; 

XXX, 10. 

BRILLIANT ACID OARMINB, vi, 5. 
BRILLIANT ALIZARINE BLACK, xiv, 11. 
BRILLIANT ALIZARINE BLUB, vi, 2 ; xi, 

16 ; xviii, 13 ; xxv. 

BRILLLANT ALIZARINE BORDEAUX, vii, 

2 ; XXX, 17. 

BRILLIANT AUZARINB CYANINE, vi, 19 ; 

xi, 14. 

BRILLIANT AUZARINB VIRIDINE, vi, 18 ; 

xii, 18 ; xix, 13. 

BRILLLANT ANTHRAZUROL, vi, 17 ; xi, 

12. 
BRILLLANT CARMINE, XXX, 11. 
BRILLIANT CHLORAZOL BLUB, vi, 4. 
BRILLLANT CHROME RED, Xvi, 10. 
BRILLIANT CLOTH BLUE, vi, 8. 
BRILLIANT CONGO VIOLETS AND HBLIOS, 

V, 8. 
BRILLIANT CRBSYL BLUB, iv, 5. 
BRILLIANT CROCBINB, vi, 5 ; Xvi, 2. 
BRILLIANT DBLPHINE BLUB, vi, 2 ; xi, 

17. 

BRILLIANT DIANIL BLUB, vi, 4 ; xi, 10 ; 

xviii, 1. 

BRILLIANT DIAZINB BLUB, iv, 8. 
BRILLIANT DOUBLE SCARLET, vi, 6. 
BRILLIANT GLACIER BLUB, iv, 11. 

BRILLIANT 6RBBN, iv, 10 ; xii, 3 ; xix, 
4 ; XXX, 14. 

BRILLIANT HELIO PURPURINE B, XXX, 5. 
BRILLIANT INDIGOS, vii, 8 J XXX, 2. 
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BEILUANT KITONE KBD, ix, 7. 
BEILUANT LAKE SCARLETS, XXX, 11. 
BEELEJANT MTLLINQ BLUB, vi, 4 ; ix, 7 ; 

xi, 22. 

BRILLtANT MILLIIia GREEN, vl, 4 ; xii, 

5. 
BRILUANT ORANGE, V, 5 ; vi, 6. 
BRILLIANT PHOSPHINE,'iv, 2 ; viu, 1. 
BRILLIANT PTTRB YELLOW, V, 2 ; viii, 12. 
BRILLIANT PURPURINE, V, 4. 
BRILLIANT RHODUIJNB RED, iv, 1 ; ix, 

2. 

BRILUANT RHODULINE VIOLET R, ix, 2. 
BRILLIANT SAERANINE, W, 1 ; ix, 2. 
BRILLIANT SKY BLUE, xi, 10. 
BEILUANT VICTORIA BLUE, iv, II. 
BEILUANT VIOLET, iv, 12 ; X, 2. 

BRILUANT YELLOW, V, 5 ; vi, 6 ; viii, 9. 
BROMINDIGO, vii, 8 ; xviij, 12. 

BUTTER YELLOW, vii, 6. 

CAMWOOD, ix, 16 ; XXV. 

CAPRI BLUB, iv, 5 ; xi, 1 ; xviii, 3. 

CAPEi GEEBN, xii, 2 ; xix, 2. 

CAEBAZOL YELLOW, viil, 17 ; XV, 12. 

CARBIDE BLACK, xiv, 3. 

CAEBON (lamp BLACK, IVORY BLACK, 

ACETYLENE BLACK, ETC.), XXX, 20. 
CARMINE, XXX, .17. 
CATECHU YELLOWS, ORANGES, BROWNS, 

V,5. 

CELESTINE BLUE, Iv, 4 ; X, 12 ; xi, 17 ; 
xviii, 6 ; xviii, 13. 

CEEASINE 0EAN6B, vll, 6. 
OERASINE RED, vii, 6. 
OBRISB, xvi, 5. 

CHICAGO BLUB, V, 7 ; xl, 25 ; xviii, 8 ; 
xviii, 9. 

CHICAGO SKY BLUE, xi, 25. 

CHICAGO YELLOWS, ORANGES, BROWNS, 

v,6. 

CHINA GREEN, xii, 3. 
OHLORAMINE BLACKS, V, 9. 
CHLORAMINB BLUES, V, 7. 
CHLOEAMINB 6EEENS AND OUVES, V, 6 

xix, 6. 

OHLOEAMINE ORANGES, V, 3 ; viii, 14 

XXX, 5. 

OHLORAMINE REDS AND SCARLETS, V, 4, 
CHLORAMINE VIOLETS AND HEU08, V, 8 

xvii, 9. 

CHLORAMINB YELLOWS, V, 2 ; viii, 12 

XV, 16 ; XXX, 6. 

CHLORANISIDINE PINK, Xvi, 9. 
CHLORANTINB BLUES, V, 7. 



CHLORANTINE GREENS AND OUVES, 

V, 6. 

CHLORANTINE ULAC, V, 8. 
CHLORANTINE REDS AND SCAELETS, 
V,4. 

CHLOEANTINE VIOLETS, X, 16 ; xvii, 9 ; 

xvii, 10. 
CHLOEAZOL BLACKS, V, 9 ; X, 16 ; xiv, 

3. 
CHLOEAZOL BLUB, V, 7 ; xi, 25 ; xviii, 

8 ; xviii, 9. 

CHLOEAZOL BETT.TiTANT BLUE, xi, 10 ; 

xviii, 1. 

CHLOEAZOL FAST SCARLET, ix, 19. 
CHLORAZOL EAST YELLOW, V, 2 ; viil, 

12. 

CHLOEAZOL OEEBNS AND OUVES, V, 6 ; 

xii, 15. 

CHLOEAZOL EEDS AND SCAELETS, V, 4. 
CHLORAZOL SKY BLUE, xi, 25. 
CHLOEAZOL VIOLETS AND HEUOS, V, 8 ; 

xvii, 9. 

CHLOEAZOL YELLOWS, ORANGES, 

BROWNS, V, 5 ; XX, 3. 
CHLOEOPHBNINE, V, 2 ; viii, 12 ; xv, 
16. 

CHROMAL BLUB, xi, 18. 
CHROMAL BEOWN, vi, 12. 
CHEOMANIL BLACK, xiv, 3. 
CHEOMATE BLACK, vi, 16. 
CHROMAZONE BLUE, vi, 8 ; xi, 11 ; xi, 
18. 

CHROMAZONE EBD, vi, 5. 
CHROMAZURINE, vi, 2. 
CHROME ACID BLACK, vi, 16. 

CHEOME BLUB, iv, 11 ; xi, 21 ; xviii, 7 ; 

XXV. 
CHEOME BORDEAUX, Xvi, 10 ; XVU, 13. 
CHEOME CYANINE, vi, 14. 
CHROME EAST BLACK, vi, 16 ; xiv, 9. 
CHROME FAST BLUE, vi, 11 ; xl, 23. 
CHROME FAST BORDEAUX, vi, 11. 
CHROME EAST BROWN, vi, 12. 
CHROME FAST CYANINE, vi, 14. 
CHROME FAST GARNET, vi, 11. 
CHROME FAST GREEN, vi, 15; xii, 11; 

xii, 13. 

CHROME FAST RED, ix, 18. 
CHROME FAST VIOLET, vi, 15. 

dHROME FAST YELLOW, vi, 12 ; viii, 15. 

CHROME 6LAUCINE, XXX, 9. 

CHEOME GREEN, iv, 10 ; vi, 13 ; xii, 

11 ; xii, 12 ; xix, 5. 
CHROME ORANGE, vi, 12 ; viii, 15 ; xv, 

4. 
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CHBOME PATENT GEEEN, XU, 14. 
CHKOME PRUNE, Xvii, 13. 
CHKOME RED, Xvi, 10. 

CHROME VIOLET, iv, 12 ; X, 14 ; xvii, 8. 

CHROME WORSTED BLUB, xi, 18. 

CHROME YELLOW, vi, 12 ; viii, 15 ; xv. 
4. 

CHROMOCITRONINE, vi, 12. 
CHROMOCYANINE, iv, 4. 
CHROMOGENB VIOLET, X, 14 
CHROMORHODINB, vi, 4. 
CHROMOTROPB BLUE, vi, 11 ; xi, 23. 
CHEOMOTBOPES, vi, 11 ; ix, 11. 
CHEOMOXAL GREEN, xii, 13. 
CHROMOXANB BROWN, vi, 12. 
CHR(JMOXANE GREEN, xii, 11. 

CHEYSAMiNB, v, 5 ; viii, 17 ; xv, 12. 
CHEYSOiDiNB, iv, 14 ; viii, 5 ; xv, 10 ; 

XXX, 15. 
OHBYSOPHBNINE, V, 5 ; viii, 17 ; XV, 

12 ; XXX, 5. 
ctBA BLUB, xi, 19 ; xviii, 12 ; xxx, 2. 

CIBA BORDEAUX, Xvi, 12. 

ciBA BROWN, vii, 9 ; xiii, 4 ; xx, 10. 
CIBA GREEN, xii, 10 ; xix, 20. 

CIBA GREY, XXi, 10. 

CIBA HBLIOTEOPE, X, 13 ; xvii, 16. 
CIBA INDIGO YELLOW, vii, 9 ; viii, 13. 

CIBA LAKE BED, XXX, 11. 
CIBA ORANGE, viii, 13. 

oiBA RED, vii, 9 ; ix, 15 ; xvi, 12. 
OEBA SCARLET, vii, 9 ; ix, 15 ; xvi, 12 ; 
xvi, 1^. 

OIBA VAT SERIES, vii, 8. 

CIBA VIOLET, X, 13 ; xvii, 16 ; xxx, 2. 
CIBA YELLOW, vii, 9 ; viu, 13. 
ciBANONB BLACK, vii, 7 ; xxi, 15. 

CIBANONE BLUE, VU, 7. 
CIBANONB BROWN, vii, 7 ; XX, 15. 
CIBANONE GREEN, vii, 7. 
CSIBANONB OLIVE, vii, 7. 

CIBANONB ORANGE, vii, 9 ; XV, 18 ; 
XXX, 18. 

CIBANONE YELLOW, XV, 18. 

ciTRONiNE, vi, 6 ; viii, 8. 

CLAYTON YELLOW, V, 2 J viu, 12 ; XV, 

16. 

CLOTH BED, ix, 10. 
COCHINEAL, XXX, 17. 
COCHINEAL SCARLET, ix, 14. 

CCBEULEINB, vi, 19 ; vii, 2 ; xii, 17 ; 

xix, 16. 
COLUMBIA BLACKS, V, 9 ; xiv, 3 ; xxi, 7. 
COLUMBIA BLUE, V, 7 ; xviii, 8 ; xvui, 9. 

COLUMBIA BROWN, xili, 8 J XX, 3. 



COLUMBIA GREENS AND OLIVES, V, 6 ; 

xii, 15 ; xix, 6. 

COLUMBIA REDS AND SCARLETS, V, 4. 
COLUMBIA VIOLETS AND HELIOTROPES, 

V, 8 ; X, 16 ; xvii, 10. 
COLUMBIA YELLOW, V, 2 ; viii, 12. 
CONGO BLUE, V, 7 ; xviii, 8 ; xviii, 9. ; 
CONGO BROWN, xiii, 8. 

CONGO REDS AND SCAELBTS, V, 4. 

CONGO VIOLETS, Xvii, 9. 

CONGO YELLOWS, OEAN6ES, BEOWNS, 

V, 5 ; viii, 17 ; xv, 12 ; xx, 3. 

COOMASSIE BLACKS, V, 9. 
COOMASSIE BLUES, V, 7. 
COOMASSIE WOOL BLACK, vi, 10. 
CORIOFLAVINB, iv, 2. 

CORIPHOSPHENB, iv, 2 ; viii, 1 ; xv, 9. 
CORRBINE, iv, 4 ; X, 12 ; xi, 17 ; xvii, 

7 ; xvii, 15 ; xvui, 6. 
COTTON BLACKS, V, 9 ; xiv, 3. 

COTTON BLUBS, V, 7. 

COTTON REDS AND SCARLETS, V, 4. 

COTTON YELLOWS, ORANGES, BROWNS, 

V, 5 ; viii, 17 ; xv, 11. 
CRESOL BLACK, vi, 10 ; xiv, 2. 

CRESOL BLUB BLACK, vi, 8. 

CBBSOTINE YELLOW, V, 5 ; viii, 17. 
CRESYL BLUB, iv, 5 ; xi, 1 ; xvui, 3. 

CRESYL EAST VIOLET, iv, 7 ; XXX, 13. 
CROCEINE ORANGE, vi, 6 ; Vui, 7. 

CROCEiNE SCARLET, vi, 5 ; ix, 10 ; xvi, 
2. 

CROSS-DYE BLACKS, Xxi, 11. 
CROSS-DYE BEOWN, XX, 11. 
CROSS-DYE GREEN, xix, 11. 
CROSS-DYE YELLOWS AND ORANGES, 

XV, 15. 
CRYSTAL SCARLET, vi, 5 ; Ix, 10. 

CRYSTAL VIOLET, iv, 12 ; X, 2 ; xvii, 5. 

CUDBEAR, ix, 3 ; XXV. 
CUPRAMINB BEILLEANT BLUE, V, 7. 
CUPRANIL YELLOWS, ORANGES, BEOWNS, 

v,5. 
CURCUMINB, V, 3 ; viii, 9 ; viii, 14. 
CUTCH, xiii, 10 ; xx, 14. 

CUTCH BROWNS, V, 5. 

CYANANTHBOL, vi, 18 ; xi, 13 ; XXX, 8. 
CYANINE, vi, 4 ; X, 19. 
OYANOGENE, xi, 9 ; Xiii, 6. • 
OYANOL, vi, 4 ; xi, 8 ; xi, 9. 

OYANOL FAST GREEN, xU, 5. ■ 
CYANOL GEEEN, vi, 4. 
CYANOSINB, vi, 3. 
CYPRUS BLUE, xi, 23. 
CYPRUS GEEEN, vi, 15 ; xii, 13. 
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DBLPHINB BLUB, vi, 2 ; xi, 17 ; xviii, 
13. 

DELTAPTTRPTJEIKE, V, 4. 

DIAMINE BLACKS, V, 9 ; xiv, 3 ; xxi, 7. 
DIAMINE ELITES, V, 7 ; xi, 25 ; xviii, 
8 ; xviii, 9. 

DIAMINE BEOWN, Xui, 8. 
DIAMINE FAST BED, Xvi, 8. 
DIAMINE FAST SCARLET, ix, 18. 
DIAMINE FAST YELLOW, V, 2 ; V, 3 ; 

viii, 12 ; viii, 14 ; xv, 16. 

DIAMTNE GOLD, V, 5. 

DIAMINE OEEENS AND OIJVBS, V, 6 ; 

xii, 15 ; xix, 6. 

DIAMINE NERON, V, 9. 

DIAMINE OEANQE, V, 3 ; viii, 14. 

DIAMINE BEDS AND SOAELETS, V, 4; 

ix, 19 ; xvi, 7. 

DIAMINE ROSE, XVi, 7. 

DIAMINE SKY BLrE, xi, 25. 

DIAMINE VIOLETS AND HELIOTEOPES, 

V, 8 ; X, 16 ; xvii, 9. 

DIAMINE YELLOWS, OEANGBS, BEOWNS, 

V, 5 ; XV, 12 ; xx, 3. 

DIAMINBEAL BLACK, V, 9. 
DIAMINBRAL BLUBS, V, 7. 
DIAMINOQBN BLACKS, V, 9 ; xiv, 3 ; 

xxi, 7. 

DIAMINOQEN BLUB, V, 7. 

DIAMOND BLACK, vi, 16 ; xiv, 9 ; xiv, 
10. 

DIAMOND BLUE BLACK, xiv, 9. 

DIAMOND BROWN, xiii, 7. 

DIAMOND FLAVINE, viu, 16 ; XV, 14. 

DIAMOND GREEN, iv, 10 ; vi, 15 ; xii, 
13 ; xii, 14 ; xix, 9. 

DIAMOND MAGENTA, ix, 4. 
DIAMOND ORANGE, vi, 12. 

DIAMOND PHOSPHINE, iv, 2 ; viii, 1. 

DIAMOND RED, vi, 11 ; ix, 17. 
DIAMOND YELLOW, viii, 15. 

DiANiL BLACKS, V, 9 ; xiv, 3 ; xxi, 7. 
DiANiL BLUES, V, 7 ; xi, 25 ; xviii, 8 ; 
xviii, 9 ; xxx, 5. 

DIANIL BEOWN, xiii, 8. 

DIANIL DIRECT YELLOW, viii, 14. 

DIANIL FAST SCARLET, ix, 18. 

DIANIL GREENS AND OLIVES, V, 6 ; xii, 

15. 

DIANIL PURE YELLOW, V, 2 ; viu, 12. 
DIANIL REDS AND SCARLETS, V, 4 ; ix, 

19. 

DIANIL SKY BLUE, xi, 25. 

DIANIL VIOLETS AND HELIOTEOPES, 

V, 8 ; X, 16 ; xvii, 9. 



DIANIL YELLOWS, ORANGES, BROWNS, 

V, 5 ; XV, 11 ; xv, 12 ; xx, 3. 

DIANISIDINE BLUE, Xviii, 10. 

DIANOL BLACK, V, 9. 

DIANOL BLUBS, V, 7. 

DIANOL GREENS AND OLIVES, V, 6. 

DIANOL REDS AND SCARLETS, V, 4. 

DIANOL VIOLETS AND HELIOTROPES, 

V,8. 
DIAZANIL BLACK, V, 9. 
DIAZANIL BLUES, V, 7. 
DIAZANIL EEDS AND SOAELETS, V, 4. 
DIAZINE BLACK, iv, 8 ; xiv, 1. 

DiAZiNE BLUE, iv, 8 ; xi, 13 ; xviii, 4. 
DiAziNB BROWN, iv, 8 ; xiii, 1. 
DIAZINE GREEN, iv, 8 ; xii, 1 ; xij, 3. 

DIAZINE GREY, XXi, 6. 

DIAZINE EBD, iv, 13 ; ix, 2. 

DiAzo BLACKS, V, 9 ; xiv, 3 ; xxi, 7. 

DIAZO BLUES, V, 7. 

DIAZO BRILLIANT SCARLET, XVi, 7. 

DIAZO GBEANINB, V, 4. 

DIAZO GREENS AND OUVBS, V, 6. 

DIAZO REDS AND SOAELETS, V, 4. 

DIAZO VIOLETS AUD HELIOTROPES, V, 8. 

DIAZO YELLOWS, OEANGES, BROWNS, 

v,5. 

DIAZUBINE BLUB, V, 7. 

DIOXINB, vii, 3 ; xii, 12 ; xix, 8. 

DIPHBNB BLUE, iv, 5 ; xi, 1. 
DIPHBNYL BLACK, V, 9 ; XXi, 12. 
DIPHENYL BLUBS, V, 7. , 

DIPHBNYL CHEYSOINE, V, 3 ; viii, 14. 
DIPHBNYL CITRONINE, V, 3 ; viii, 14. 
DIPHBNYL FAST YELLOW, V, 3 ; viii, 

12. 

DIPHBNYL GREENS AND OLIVES, V, 6. 
DIPHBNYL REDS AND SCARLETS, V, 4. 
DIPHENYL VIOLETS AND HELIOTROPES, 

V,8. 
DIPHBNYL YELLOWSj ORANGES, BROWNS, 

V,5. 
DIRECT BLACK, V, 9. 
DIRECT BLUE, V, 7 ; xi, 10. 
DIRECT BLUE BLACK, xiv, 3. 
DIRECT BEOWNS, V, 5. 
DIEEOT DEEP BLACK, xiv, 3. 
DIEECT GREENS AND OLIVES, V, 6. 
DIRECT REDS AND SCARLETS, V, 4. 
DIRECT VIOLETS AND HELIOTROPES, 

v,8. 
DIRECT YELLOW, V, 3 ; viii, 14 ; xxx, 
5. 

DOMINGO BLUE BLACK, vi, 8. 
DOMINGO VIOLET, vi, 9. 
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EBOU BLUES, V, 7. 
EBOU GREENS AND OLIVES, V, 6. 
ECLIPSE COLOURS, V, 1 ; vii, 1. 
EGLANTINE, XXX, 1. 
EOSAMINE, vi, 6. 

EOSINB ORANGE, viii, 6 ; XV, 2. 

EOSINB SCARLET, vi, 3 ; ix, 13. 

EOSINES, vi, 3 ; ix, 13 ; xvi, 1 ; xxx, 7. 

EBGANONE BLUES, XViii, 16. 

EBIOA, V, 4 ; ix, 19 ; xvi, 7. 

BRIO FAST BLUE, xi, 25. 

BRIO FAST BRILLIANT BLUE, vi, 8. 

BRIO FAST PURPLE, vi, 9 ; X, 9 ; XXV. 

BRIO GREEN, XJi, 5. 

ERIOOARMINE, vi, 5 ; ix, 10. 

ERIOCHLORINB, xi, 9. 

BRIOCHBOME AZUBOL, xi, 18 ; XXV. 

ERIOCHROME BLACK, vi, 16 ; xiv, 9. 

ERIOCHROMB BLUB, XXV. 

ERIOCHROME BORDEAUX, vi, 11 ; ix, 

17. 

ERIOCHROME BROWN, vi, 12. 
ERIOCHROME CYANINE, xi, 18. 
BRIOCHBOME GARNET, ix, 17. 
ERIOCHROME GREEN, vi, 15 ; XU, 13. 
ERIOCHROME GREY, xiV, 9. ' 
EBIOOHBOME OUVE, vi, 11. 
ERIOCHROME PHOSPHINE, vi, 12 ; viii, 

15. 

EBIOCHBOMB BED, vi, 11 ; ix, 17 ; XXV. 
EEIOCHROME VJIRDONB, xii, 16. 
ERIOCHROMB VIOLET, vi, 15 ; X, 15. 
ERIOCHROME YELLOW, vi, 12 ; Vui, 15. 

EBIOOYANINE, vi, 4 ; vi, 17 ; xi, 9 ; 
xi, 12. 

BBIOFLOXINE, vi, 5. 

BBIOQLAUCINB, vi, 4 ; xi, 9. 
EBIORUBINB, vl, 5 ; ix, 10. 
EKIOVIBIDINE, vi, 4 ; xii, 5. 
BRWBCO ALIZAEINE ACID RED, vi, 19 ; 

ix, 20 ; X, 10. 
ERYTHROSINES, vi, 3 ; ix, 13 ; xvi, 1 ; 
xxx, 7. 

ETHYL ACID BLUE, vi, 8. 
ETHYL ACID VIOLET, vi, 9. 
ETHYL BLACK, vi, 10. 
ETHYL GREEN, iv, 10. 
ETHYL PURPLE, iv, 11. 
ETHYL VIOLET, X, 2 ; XVU, 6. 

FAST ACID BLUE, vi, 2 ; xi, 20. 
FAST ACID COCHINEAL, ix, 10. 
FAST ACID EOSINB, Vi, 4 ; Ix, 7. 
FAST ACID GREEN, xii, 8. 
FAST ACID MAGENTA, vi, 4. 



FAST ACID ORANGE, vi, 6 ; viu, 7. 
FAST ACID PHLOXINE, vi, 4 ; IX, 7. 
FAST ACID RED A, vi, 2 ; ix, 9. 

FAST ACID VIOLET, vi, 2 ; vi, 4 J X, 7 ; 
xi, 9 ; XXV. 

FAST ACID YELLOW, vi, 6. 

PAST BLUB, vi, 2 ; X, 4 ; xi, 6 ; xviii, 

3 ; xxx, 13. 
FAST BROWN, vi, 6 ; xiii, 2 ; xx, 1. 

FAST CHROME BLACK, vi, 16 ; xiV, 9. 
FAST CHBOME GBEEN, vi, 15. 

FAST GREEN, iv, 10 ; vii, 3 ; xii, 2 ; 
xii, 3 ; xix, 8 ; xxx, 14. 

FAST T.AT7T. BORDEAUX, XXX, 11. 
FAST LIGHT OEANGE, vi, 6 ; viii, 7. 

FAST LIGHT YELLOW, vi, 6 ; viii, 7 ; 

XXX, 11. 
FAST MORDANT BLACK, vi, 16. 
FAST MOBDANT BLUE, xi, 23. 
PAST MOBDANT YELLOW, VUi, 15. 
PAST NAVY BLUE, iv, 5. 
FAST OEANGE, XXX, 11. 
FAST PINK, ix, 15. 
FAST PBINTrNG GREEN, VU, 3. 

FAST RED, vi, 5 ; ix, 10 ; xvi, 2. 

FAST SCARLET, ix, 15. 
FAST SKY BLUE, vi, 17 ; xi, 12. 
PAST SULPHON BLACK, vi, 10. 
PAST SULPHON VIOLET, vi, 9. 
FAST WOOL YELLOW, viii, 7. 

PAST YELLOW, ,vi, 6 ; vili, 9. 

FLAVANTHRENES, XXX, 3. 

PLAVAZINE, viii, 7. 
FLAVAZOL, viii, 15 ; xv, 14. 

FLAVINDUUNE, XV, 7. 
FLAVINB, viii, 11. 

PLAVOPHOSPHINE, iv, 2 ; viii, 1 ; xv, 9. 

PLAVOPUEPURINB, vli, 2. 
FLUORBSCBINB, vi, 3. 
FLUORESCENT BLUB, xi, 6. 
FORMAL BLACKS, V, 9. 
FORMAL BLUBS, V, 7. 
FORMAL REDS AND SCARLETS, V, 4. 
FORMAL VIOLETS AND HELIOTROPES, 
V,8. 

POEMYL VIOLET, vi, 4 ; X, 8 ; xvii, 2 ; 

xxx, 10. 
PUCHSINE, ix, 4 ; xvi, 5. 
FUSTIC, viii, 11 ; xxv. 

GALLAMINB BLUE, vii, 2 ; xi, 17 ; xviii, 
6 ; xviii, 13. 

GALLANILIC GREEN, xix, 12. 

GALLEINE, vll, 2 ; X, 11 ; xvii, 17 ; 
xxv. 
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GAixocYAUiNE, vii,.2 ; X, 12 ; xi, 17 ; 

xvii, 7 ; xvii, 15 ; xviii, 6 ; xviii, 

13 ; XXV. 
GAiLOFLAViNB, vii, 2 ; viii, 11. 

GALLOPHBMNB, XViii, 13. 

GAMBINB, vii, 3 ; xii, 12 ; xix, 8. 
GEEANiNB, V, 4 ; ix, 19 ; xvi, 7. 

GLACIBE BLTTE, iv, 11. 

GliYCINB KEDS AND SCABLBTS, V, 4. 

GOLDEN OEANGE, viii, 14 ; XV, 18. 

GOLDEN YELLOW, viii, 14. 

GBBNADINE, XVi, 5. 

GUIGNETS GBBBN (CHEOMItTM HY- 

DEATE), XXX, 20. 
GtHNEA BLACK, vi, 10 ; xiv, 2. 
GTOCNEA BEOWN, vi, 6 ; xiu, 8. 
GUINEA FAST EBD, ix, 10. 
GUINEA FAST YELLOW, vl, 6 ; viii, 7. 

GUINEA GEBBN, vi, 4 ; xii, 5 ; xix, 1 ; 
XXX, 10. 

GUINEA EBD, vi, 6. 

GUINEA VIOLET, vi, 4 ;. X, 8 ; xvii, 2 ; 
XXX, 10. 

HLaBMATINE OEYSTALS, XXV. 
HANSA BED, vii, 6 ; XXX, 1. 
, HANSA YELLOW, vii, 6 ; XXX, 1. 

HBLINDONE BLACK, vu, 7 ; vii, 9 ; xxi. 
15. 

HBLINDONE BLUE, vii, 7 ; xi, 19 ; XXX, 

2. 
HBLINDONE BEOWN, VU., 9 ; xiii, 4 
XX, 10. 

HBLINDONE FAST SCAELBT, vii, 9 ; XVi, 

12; XXX, 2. 

HBLINDONE GBBBN, xii, 10 ; xix, 20. 
HBLINDONE OEANGE, VU, 7 ; vii, 9 

viii, 13 ; xv, 18 ; xxx, 2. 

HBLINDONE EBD, Ix, 15 ; Xvi, 12 

xxx, 2. 

HBLINDONE SOAELET, ix, 15; Xvi, 12 

xxx, 2. 

HELINDONE VAT SBEIBS, vii, 8. 
HBLINDONE VIOLET, X, 13 ; Xvii, 16 

xxx, 2. 

HBLINDONE YELLOW, vii, 9 ; viu, 13 

XV, 18. 

HELIO BOEDEAUX, XXX, 11. 
HBLIO FAST BLUE, XXX, 8. 

HBUO FAST PINK, vii, 9 ; xxx, 3. 

HBLIO FAST EBD, vii, 6. 

HBIIO FAST VIOLET, XXX, 8. 

HBLIO FAST YELLOWS, vii, 9 ; XXX, 3. 

HBUO OBANGES, XXX, 11. 

HBLIO PUEPUEINE, XXX, 5. 



HBUO BED, XXX, 11. 

HBLIO VIOLET, XXX, 11. 

HESSIAN BLUBS, V, 7. 

HBSSIAN BEOWN, xiii, 8. 

HESSIAN PUBPLB, V, 8. 

HESSIAN BEDS AND SCABLBTS, V, 4. 

HESSIAN VIOLET, XVii, 9. 

HESSIAN YELLOWS, OBANGES, BEOWNS, 

V, 5 ; XX, 3. 
hofmann's violet, iv, 11. 

HOMOPHOSPHINE, iv, 2. 
HYDEAZINB YELLOW, viii, 7. 

HYDEONE BLUB, vii, 7 ; xviii, 11 ; xxx, 
19. 

HYDEONE BEOWN, vii, 7. 

HYDEONE DABK BLUE, vii, 7. 

HYDEONE OLIVE, vii, 7. 

HYDEONE VIOLET, VU, 7 ; Xvii, 14 J 

XXX, 19. 

IMMBDIAL BLACKS, Xxi, 11. 

HVEMEDIAL BLUE, XviU, 11. 

IMMBDIAL CUTCH, XX, 11. 

IMMBDIAL GEEENS, xix, 11. 

IMMBDIAL YELLOWS AND OBANGES, 

XV, 15. 
INDALIZABINE, xi, 17 ; xix, 12. 

INDAMINB BLUE, iv, 5. 
INDANTHEBNE BLACK, Xxi, 15. 

INDANTHBENE BLUES, xi, 15 ; xviii, 18 ; 
XXX, 18. 

INDANTHEBNE CLABET, Xvi, 16. 
INDANTHEBNE COPPEB, XV, 18. 
INDANTHEBNE GOLD OEANQE, XXX, 3. 
INDANTHBENE GBBBN, XLX, 18. 
INDANTHEBNE GEEY, Xxi, 15 ; XXX, 18. 
INDANTHEBNE MABOON, XX, 15. 
INDANTHBENE OLIVE, VU, 6 ; xix, 17 ; 

XXX, 19. 

INDANTHEBNE OEANGE, XV, 18. 
INDANTHEBNE BED, XVi, 16. 
INDANTHBENE SEEIBS, vii, 9. 
INDANTHBENE VIOLET, XVii, 20. 
INDANTHEBNE YELLOW, XV, 18 ; XXX, 

18. 

INDAZINB, iv, 5. 
INDAZUEINE, V, 7. 

INDIAN YELLOW, vi, 6 ; viii, 9 ; xv, 3. 

INDIGENE BLACKS, V, 9. 
INDIGENE BLUES, V, 7. 

INDIGO, vii, 8 ; xi, 18 ; xviii, 12 ; xxv. 

INDIQO CABMINE, vi, 2 ; xi, 5. 
INDIGO BXTEACT, xi, 6. 
INDOCAEBON BLACK, vii, 6. 
INDOCHEOMINE, vi, 2 ; xi, 16 ; xxv. 
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INDOCTANINB, XXT. 

INDOINE BLUE, iv, 8 ; xi, 3 ; xviii, 4. 

INDOLE BLUE, iv, 8. 

INDONE BLUE, iv, 8. 

INDO VIOLET, vi, 9 ; X, 9. 

INDUIJNE, vi, 2 ; vii, 5 ; x, 4 ; xi, 6 ; 

XXX, 9. 
INDUUNB SCABLBT, iv, 1 ; ix, 2 ; 

xvi, 4. 

INOBAIN BLACKS, V, 9. 
INSOLUBLE BED WOODS, ix, 16. 
INTENSIVE BLUE, xi, 8. 
IODINE GKEEN, iv, 10. 

IBIS VIOLET, iv, 7 ; X, 1 ; xvii, 4. 
nasAMiNB, iv, 9 ; ix, 1 ; xvi, 3. 

IRON BUFF (oxides OF CB AND FE), XX, 
8. 

ISAMTNE BLUB, vi, 4 ; xi, 10 ; xviii, 1. 

ISODIPHBNYL BLACKS, V, 9. 

ISOEUBINE, iv, 9 ; xvi, 5. 

JANUS BLACK, iv, 8 ; xiv, 1 ; xxi, 6. 
JANUS BLUE, iv, 8 ; xi, 3 ; xviii, 4. 
JANUS BBOWN, iv, 15 ; xui, 2 ; xx, 2. 

JANUS CLARET RED, XVii, 6. 
JANUS DARK BLUE, iv, 8 ; xi, 3. 

JANUS GREBN, iv, 8 ; xii, 1 ; xix, 3. 
JANUS GREY, iv, 8 ; xxi, 6. 
JANUS BED, iv, 13 ; ix, 5 ; xvi, 6. 
JANUS YELLOW, iv, 14 ; viii, 5 ; xv, 10. 

JUTE BLACK, xiv, 1. 

KATIGBNB BLACK, XXJ, 11. 
KATIGBNE BLUES, Xviu, 11. 
KATIGBNE BROWNS, XX, 11. 
KATIGBNB COLOURS, V, 1 ; Vii, 1 ; xix, 

11. 
KATIGENE VIOLET, XVii, 14. 
KATIGBNE YELLOWS AND ORANGES, XV, 

15. 

KHAKI (oxides OF CR AND FB), XX, 8. 

KiTONE BLUB, vi, 4 ; xi, 9 ; xxx, 10. 

KITONE VIOLET, vi, 4 ; X, 8. 

KETONE YELLOW, vi, 6 ; vui, 7. 

LAKE BORDEAUX, XXX, 11. 
LAKE PURPLE, XXX, 11. 

LAKE BEDS, vi, 5 ; vii, 6 ; xxx, 11. 

LANACYL BLUE, vi, 8 ; xi, 11. 
LANACYL VIOLET, vi, 9 ; X, 9 | XXV. 
LANAFUOHSINE, vi, 5 ; JX, 10. 
LANOGLAUCINE, vi, 2 ; xi, 17. 
LAZULINE BLUE, vi, 2 ; xi, 6. 
LBUCOL BROWN, vii, 7 ; vii, 9 ; xx, 
15. 



LEUCOL DARK GREEN, vii, 7 ; vii, 9 ; 
xix, 18. 

LBUCOL YELLOW, vii, 9. 
LIGHT GEEEN, vi, 4 ; XU, 5. 

UMAWOOD, ix, 6 ; X, 3. 

UTHOL BORDEAUX, XXX, 5. 
UTHOL FAST ORANGE, vii, 6 ; XXX, 1. 
LITHOL FAST SCARLET, vii, 6 ; XXX, 1. 
UTHOL FAST YELLOW, VU, 6 ; XXX, 1. 
LITHOL REDS, vi, 5 ; XXX, 11. 
LITHOL BUBINB, XXX, 11. 

LOGWOOD, xiv, 4 ; xiv, 5 ; xxv. 
LOGWOOD BLACK, xxi, 3 ; xxi, 4. 

LOGWOOD BLUB, xi, 4. 
MADDEB RED, XXX, 17. 

MAGENTA, iv, 9 ; ix, 4 ; xvi, 5 ; xxx, 
14. 

MALACHETB GREEN, iv, 10 ; xii, 3 ; 

xix, 4 ; XXX, 14. 

MANGANESE BBONZB, XX, 7. 
MANGANESE BBOWN, xiii, 7. 

MABTius YELLOW, vi, 6 ; viji, 8. 

MELANTHBRINE, V, 9. 
MBLASINE, vii, 5. 

meldola's BLUE, iv, 5 ; xi, 1 ; xviii, 3. 

MERCBROL BBTTJJANT BLUE, xi, 16. 
MEBCEBOL BEOWN, xiu, 7. 

mbecebol green, xii, 14. 

MEBCEBOL OBANGB, VUi, 16. 
MEBCEBOL YELLOW, VUi, 16. 
METACHBOMB BLUE, vi, 14. 
MBTACHBOMB BBOWN, xiii, 7. 
METACHEOME VIOLET, vi, 2 ; X, 14. 
MBTACHBOMB YELLOW, vi, 12 ; viii, 16. 
MBTAMINE BLUB, iv, 5. 

MBTANIL YELLOW, vi, 6 ; viii, 10. 

MBTANITBANIUNE OBANGB, XV, 13. 
MBTAPHENYLENE BLUE, iv, 5 ; XViii, 3. 
MBTAZUEINB, V, 7. 
METHYL BLUES, vi, 4. 
METHYL EOSINE, vi, 2. 
METHYL GBBBN, iv, 10 ; xix, 4. 

METHYL VIOLET, iv, 12 ; X, 2 ; xvii, 5 ; 

XXX, 14. 
METHYLENE BLUE, iv, 6 ; xi, 1 ; xvili, 

3 ; XXX, 13. 

METHYLENE GREEN, iv, 3 ; xii, 1 ; 

xix, 2. 

METHYLENE GBEY, xiv, 1 ; XXi, 5. 
METHYLENE HELIOTROPE, iv, 7 ; X, 1. 
METHYLENE VIOLET, iv, 7 ; X, 1 ; 

xvii, 4. 
METHYLENE YELLOW, iv, 16 ; viii, 3 : 
XV, 6. 



140 



ANALYSIS OP DYESTUFFS. 



MIKADO BEOWNS, XUi, 5. 

MIK4.D0 GOLDEN YBIXOWS, V, 3 ; XXX, 

6. 

MIKADO OKANOES, V, 3 ; XXX, 5. 

MIKADO YEUiOW, V, 3 ; viii, 14. 

MHiUNG REDS, ix, 19. 
MIMJNG SCARLETS, ix, 19. 

MIMOSA YELLOW, V, 2 ; viii, 12. 
MODERN OYANINB, iv, 4 ; xviii, 6 ; 
xviii, 13. 

MODERN HELIOTROPE, IT, 6. 

MODERN VIOLET, iv, 6 ; xvii, 7 ; xviii, 
15. 

MONOCHROME BLACK, vl, 16. 
MONOCHROME BLUE, vi, 15 ; xi, 23. 

MONOCHROME BROWN, vi, 12 ; xiii, 7. 

MONOCHROME GREEN, vi, 18. 
MONOCHROME GREY, xlv, 10. 
MORDANT YELLOW, vi, 12. 
MUSCARINE, iv, 5. 
MYEABOLANS, XXV. 

NAPHTHALENE ACID BLACK, vi, 10. 
NAPHTHALENE OREBN, vi, 4 ; xii, 5 ; 

xix, 1. 

NAPHTHALENE YELLOW, vi, 6 ; viii, 8. 
NAPHIHAMINE BLACKS, V, 9 ; xiv, 3. 
NAPHTHAMINE BLUES, V, 7 ; xi, 25. 
NAPHTHAMINE BROWNS, Xui, 8. 
NAPHTHAMINE EAST SCARLET, ix, 19. 
NAPHTHAMINE GREENS AND OLIVES, 

V, 6 ; xii, 15. 

NAPHTHAMINE PURE YELLOW, V, 2 ; 

vUi, 12. 

NAPHTHAMINE REDS AND SCARLETS, 
V,4. 

NAPHTHAMINE SKY BLUES, xi, 25. 

NAPHTHAMINE VIOLETS AND HELIO- 
TROPES, V, 8 ; X, 16. 

NAPHTHAMINE YELLOW, V, 3 ; viii, 14. 

NAPHTHAMINE YELLOWS, ORANGES, 
BROWN, V, 5. 

NAPHTHAZARINE, V, 7 ; xiv, 11 ; xxi, 
13. 

NAPHTHINDONE BLUE, iv, 8 ; xl, 13 ; 

xvui, 4. 

NAPHTHOGENE BLUES, V, 7. 
NAPHTHOL AC COLOURS, XVi, 9. 

NAPHTHOL BLACK, vi, 10 ; xiv, 2 ; 
xxi, 1. 

NAPHTHOL BLUB, iv, 5. 
NAPHTHOL BLUE BLACK, vi, 8. 
NAPHTHOL GREEN, Vl, 7 ; xii, 12 ; 

XXX, 11. 
NAPHTHOL RED, vi, 5. 



NAPHTHOL YELLOW, vl, 6 ; viii, 8 ; 

XXX, 11. 
NAPHTHOMBLANE, Xxi, 13. 
NAPHTHYL BLUE, vi, 2. 
NAPHTHYLAMINE BLACK, vi, 10 ; xiv, 

2 ; xxi, 1. 

NAPHTHYLAMINE BLUB BLACK, vi, 8. 
NAPHTHYLAMINE BROWN, XX, 1. 
NAPHTHYLAMINB YELLOW, viu, 8. 
NEPTUNE BLUE, Vl, 4 ; xi, 9. 

NEPTUNE BROWN, vi, 6 ; xui, 3. 
NEPTUNE GREEN, vi, 4 ; xii, 5 ; xix, 1 ; 

XXX, 10. 
NBEOL, vi, 10 ; xiv, 2. 

NEUTRAL BLUE, iv, 5. 
NEUTRAL RED, iv, 1 ; Xvl, 4. 
NEUTRAL VTOLET, X, 1 ; XVii, 4. 
NEW BLUE, iv, 5. 

NEW EAST GREEN, iv, 10 ; xii, 3 ; xix, 4. 

NEW PAST GREY, xiv, 1 ; XX, 15. 

NEW FUCHSiNE, iv, 9 ; xvi, 5 ; xxx, 14. 
NEW MAGENTA, iv, 9; ix, 4; xvi, 5; 
xxx, 14. 

NEW METHYLENE BLUB, iv, 5 J xi, 1 ; 

xvui, 3 ; xxx, 13. 

NEW METHYLENE GREY, Xxi, 5. 
NEW PATENT BLUE, xi, 9. 

NEW PHOSPHiNE, iv, 14 ; viij, 5 ; xv, 
10. 

NEW VICTORIA BLUE, iv, 11. 
NEW VICTORIA GREEN, iv, 10. 

NIGHT BLUE, iv, 11 ; xi, 2 ; xviii, 5. 

NIGHT GREEN, xii, 5. 
NIGRISINE, xxi, 5. 

NiOROSiNES, vi, 2 ; vii, 6 ; xxx, 9. 
NILE BLUE, iv, 5 ; xi, 1 ; xviii, 3. 

NITROANISIDINE PINK, XVi, 9. 
NITEOPHENINE, V, 2. 
NITEOSO BLUE, Xviu, 3. 
NITROTOLinDINB ORANGE, XV, 13. 
NOIR REDUIT, Xxi, 4. 

OCHRE, XXX, 20. 
OIL BLACK, vii, 5. 
OIL ORANGE, vli, 6. 

OIL RED, vii, 6. 

OIL SCARLET, vii, 6. 
OIL VERMILLION, vii, 6. 
OIL YELLOW, vii, 6. 
OLEATB GREEN, VU, 5. 
OLIVANTHRBNB, xix, 17. 
OMEGA CHROME BLACK, vi, 16. 
OMEGA CHROME BLUE, vi, 11. 
OMEGA CHEOMB CYANINE B, XXV. 
OMEGA CHROME GREEN, vi, 15 ; xil, 13. 
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OMEGA CHROME BED, vi, 11 ; iz, 17 ; 

XXV. 
OMEGA laOHT OLAEET, vi, 9. 
OMEGA UGHT VIOLET, Vi, 9 ; XXV. 
OPAL ELITES, XSX, 10. 

OBANGE, vi, 6 ; viii, 7, 9, 10, 17 ; xv, 
3 ; XV, 13. 

OiaOL YELLOW, V, 2 ; XV, 11. 
OBTHO BLACK, -vi, 10. 
OBTHOCYANINB, vi, 8 ; xi, 11. 
OXAMTNE BLACKS, V, 9. 

oxAMnsTE ELITE, V, 7 ; xviii, 8 ; xviii, 9. 

OXAMTNE GBEBNS AND OLIVES, V, 6. 
OXAMTNE BEDS AND SCARLETS, V, 4. 
OXAMINE VIOLETS AND HBLIOTBOPBS, 

V, 8 ; xvii, 9 ; xvii, 10. 

OXAMINE YELLOWS, OBANGES, BBOWNS, 

v,5. 

OXYCHLOBAZOL BLUBS, V, 7. 
OXYCHBOME BLACK, VI, 16. 
OXYCHBOME BLUB, vi, 15. 

OXYCHBOME BBOWN, vi, 12 ; xiii, 7. 

OXYCHBOME GABNET, vi, 11 ; ix, 17. 
OXYCHBOME VIOLET, vi, 16 ; X, 15. 
OXYCHBOMINE, xiii, 6. 
OXYDIAMINE BLACKS, V, 9 ; Xxi, 7. 
OXYDIAMINE BEDS AND SCAELETS, V, 4. 
OXYDIAMINE VIOLETS AND HBUOS, V, 8. 
OXYDIAMINE YELLOW, V, 2 ; Y, 6 ; 

viii, 12. 

OXYDIAMINOGEN, V, 7. 
OXYDIANIL YELLOW, V, 2 ; Vui, 12. 

PALATINE BLACK, vi, 10 ; xiv, 2 ; 
xxi, 1. 

PALATINE CHKOME BLACK, vi, 16 ; xiv, 

10. 

PALATINE CHBOME ELUB, vi, 14 ; XXV. 
PALATINE CHBOME BBOWN, vi, 12 ; 

xiii, 7. 

PALATINE CHBOME BED, Vi, 11 ; ix, 17. 
PALATINE CHBOME VIOLET, vi, 11 ; 

X, 15. 

PALATINE LIGHT YELLOW, vi, 6 ; viU, 9. 
PALATINE SCAfiLET, vi, 5 ; ix, 10 ; xvi, 
2 ; XXX, 11. 

PAPEB SCABLETS, XXX, 11. 

PAPEE YELLOW, XXX, 5. 

PARA BLACKS, V, 9. 

PABA ELITES, V, 7. 

PARA EEOWN, XX, 5. 

PARA GREENS AND OLIVES, V, 6. 

PABA BEDS AND SCAELETS, V, 4. 

PABA VIOLETS AND HELIOTEOPBS, V, 8. 

PABA YELLOWS, OBANGES, BROWNS, V, 5. 



PAEADIAMINE BLACKS, V, 9. 

PABAMINE BBOWN, XX, 15. 

PABANIL BLACKS, V, 9. 

PABANIL GREENS AND OLIVES, V, 6. 

PABANIL BEDS AND SCAELETS, V, 4. 

PARANIL YELLOWS, ORANGES, BROWNS, 

v,5. 

PAEANITRANILINE CUTCH, XX, 6. 
PAEANITEANIUNE RED, XVi, 9. 
PARAPHENYLBNE BLUE, iv, 5. 
PARAPHENYLENB VIOLET, iv, 7. 
PARATONER, XXX, 1. 
PATENT BLUES, vi, 4 ; xi, 9 ; XXX, 

10. 

PATENT DIANIL BLACK, XXX, 5. 

PATENT PHOSPHINB, IV, 2 ; viii, 1 ; 
XV, 9. 

PEACHWOOD, ix, 6 ; X, 3. 
PBEMANENT OEANGB, XXX, 11. 
PEBMANBNT BEDS, VU, 6 ; XXX, 1 ; 

XXX, 11. 
PERSIAN EEBBIES, XV, 1 ; XV, 17. 
PHENOCYANINE, iv, 4. 
PHENOFLAVINE, vi, 6. 
PHENOL BLACK, vi, 10. 
PHENYL BLUE BLACK, vl, 8. 
PHENYLAMINE BLACK, vi, 10. 
PHENYLBNB BEOWN, Iv, 15. 

PHLOXINES, vi, 2 ; ix, 13 ; xvi, 1 ; 

XXX, 7. 
PHOSPHENE, iv, 2 ; viii, 1 ; xv, 9. 

PICEIC ACID, XXV. 
PIGMENT BOEDBAUX, XXX, 1. 
PIGMENT CARMINE, XXX, 11. 
PIGMENT CHLOEINE, vii, 6 ; XXX, 1. 
PIGMENT CHEOMB YELLOW, vii, 6 ; 

XXX, 1. 
PIGMENT OLAEET, vii, 6. 
PIGMENT FAST BED, XXX, 1. 
PIGMENT EAST YELLOWS, XXX, 11. 
PIGMENT OEANGB, vii, 6 ; XXX, 1. 
PIGMENT PUEPLE, vii, 6 ; XXX, 1. 
PIGMENT BED, VU, 6 ; XXX, 1. 
PIGMENT EUBINE, XXX, 11. 
PIGMENT SCAELETS, XXX, 11. 
PIGMENT VIOLET, XXX, 11. 
PLUTO BLACKS, V, 9 ; xxi, 7. 
PLUTO ORANGE, viu, 17. 
PLUTO YELLOWS, ORANGES, BROWNS, 

V, 5 ; XV, 12. 

PLUTOEOEM BLACKS, V, 9. 
POLAE ORANGE, V, 6. 
POLAR BED, V, 5 ; ix, 19. 
POLAE YELLOW, V, 5 ; viii, 14. 
POLYPHENOL BLUES, V, 7. 
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POLYPHENOL YELLOW, V, 3 ; VUi, 14. 

PONCBAUX, vi, 5 ; xxx, 11. 

PBIMAZINE ORANGE, XXX, 6. 

PBiMULiNE, V, 3 ; viii, 12. 

PBIMIJLINE DEVELOPED WITH PHENOLS, 

ETC., XV, 11, 16 ; xvi, 13 ; xviii, 

14 ; xix, 10 ; xx, 9. 
PRUNE, iv, 6 ; X, 12 ; xvii, 7 ; xviii, 6 ; 

xviii, 13. 
PRUSSIAN BLUB, xi, 7 ; xviii, 2. 

PBUSSIATE BLACK, XXi, 12. 

PURPUBINE, vii, 2 ; xx, 13. 

PTRAMINB BROWNS, XV, 12. 
PYBAMTNE OBANGB, viu, 17 ; XV, 12. 
PYBAMINB YELLOWS, XV, 12. 
PYBAZINB YELLOW, XXX, 11. 
PYEOGENE BLACKS, Xxi, 11. 
PYBOGENE BLUB, Xviii, 11. 
PYBOOBNE BBOWNS, XX, 11. 
PYBOGENE COLOURS, V, 1 ; vii, 1. 
PYROGBNE GREEN, xix, 11. 
PYBOGENE YELLOWS AND ORANGES, 

XV, 15. 

PYROL BLACKS, Xxi, 11. 

PYEOL COLOURS, V, 1 ; vii, 1. 

PYEONB COLOUES, X, 7. 
PYEONINBS, iv, 9. 

QUEBCITBON BARK, VUi, 11. 
QUINALDINB YELLOW, vi, 1 ; viu, 6. 

QUiNOLiNE YELLOW, vi, 1 ; vu, 4 ; viii, 
6 ; XV, 2 ; xxx, 7. 

RADIAL YELLOWS, XXX, 11. 

BED VIOLET, X, 5. 

RENOL BLACKS, V, 9. 

BENOL BLUES, V, 7. 

EBNOL BBOWNS, V, 5. 

RENOL GREENS AND OLIVES, V, 6. 

RENOL YELLOWS AND ORANGES, V, 5. 

rbsoiTjAvine, vii, 2. 

RESORCiNE BBOWN, vi, 6 ; xiii, 3. 

BBSOBCINE GEEEN, vii, 3. 
BBXOL BLACK, V, 1. 

BHBONiNE, iv, 2 ; viii, 1 ; xv, 9. 
EHODAMINE, iv, 9 ; ix, 1 ; xvi, 3 ; 

xxx, 7 ; xxx, 12. 
BHODINES, iv, 9 ; xvi, 3. 
EHODULINE BLUE, iv, 5; iv, 11 ; xviii, 

3. 

RHODULINB HELIOTROPE, iv, 7 ; X, 1. 
EHODULINE ORANGE, iv, 2 ; vUi, 4 ; 

XXX, 12. 
EHODULINE PINK, ix, 1 ; xvi, 3 ; xvi, 

4. 



RHODULINB RED, iv, 1 ; ix, 2 ; xvi, 4 ; 
xxx, 13. 

RHODULINB SKY BLUE, iv, 5. 

EHODULINE VIOLET, iv, 7 ; X, 1 ; xvii, 

4 ; xxx, 13. 
BHODULiNB YELLOW, iv, 16 ; viii, 3 ; 

XV, 6 ; xxx, 12. 

EOSANOL, V, 4. 

EOSANTHRBNB BEDS AND SOAELETS, 

V, 4 ; V, 8 ; xvi, 7 ; xvii, 9 ; xvii, 
10. 
ROSAZEiNE, ix, 1 ; xvi, 3. 

EOSAZUEINE, V, 4. 

BOSE BENGAL, vi, 13; ix, 13; xvi, 1 ; 

xxx, 7. 
EOSINDULINB, vi, 2 ; ix, 8. 
EOSOLANE, iv, 1 ; X, 1. 
EOSOLE BED AND SCAELET, iv, 13. 
EOSOPHBNINE, V, 4 ; xvi, 7. 

RUSSIAN GEEEN, vii, 3 ; xix, 8. 

SAFEANiNB, iv, 1 ; ix, 2 ; xvi, 4 ; xxx, 
13. 

SALICINE BLACK, vi, 16. 

SALICINB BROWN, xiii, 7. 

SALICINE CHEOMB BLUB, vi, 15 ; xi, 23, 

SALICINB CHEOMB BEOWN, vi, 12. 

SALICINE INDIGO BLUB, vi, 15. 

SALICINE ORANGE, vi, 12 ; viii, 16. 

SALICINE BED, ix, 18. 
SALICINE BED BBOWN, vi, 12. 

SALICINE YELLOW D, viii, 15 ; viii, 16. 

SANDEBSWOOD, XXV. 

SAPANWOOD, ix, 6 ; X, 3. 

SATUEN YELLOW, XXX, 11. 

SBTOCYANiNE, iv, 11 ; xi, 12 ; xviii, 5. 
SBTOGLAUCINE, iv, 11 ; xi, 2 ; xii, 3 ; 
xix, 4 ; xxx, 14. 

SBTOPALINB, iv, 11. 

SILVEB GEEY, vi, 2. 

SIRIUS YELLOW, vii, 9 ; XXX, 3. 

SITARA EAST BED, vii, 6 ; XXX, 1. 

SOLAMINB BLUES, V, 7. 

SOLAMINE EED, V, 4. 

SOLID BLUE, vi, 2. 

SOLID BBOWN, xiii, 3. 

SOLID GREEN, xii, 3. 

SOLUBLE BLUES, vi, 4 ; X, 6 ; xi, 10 ; 
xvii, 1 ; xviii, 1 ; xxx, 10. 

SOLUBLE EED WOODS, ix, 6 ; X, 3. 

SOEBINE RED, vi, 5 ; ix, 10. 

SPIRIT BLACK, VU, 6. 

SPIRIT BLUE, vii, 5. 

STEAM GEEEN, xix, 8. 

STILBENE OEANGE, V, 3 ; XV, 12. 
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STiLBENE YELLOWS, V, 3 ; viii, 14 ; 

XV, 12 ; XXX, 5. 
SUDANS, vii, 6. 

SULPHO ROSAZEINE, vi, 4 ; ix, 7. 
STJLPHON ACLD BIACK, vi, 10. 
StTLPHON AC5ID BLTJE, vi, 8 ; xi, 25. 

stTLPHON AcaD BBOWN, vi, 6 ; xiii, 3. 
STJLPHON A.Cn> GKBBN, vi, 7 ; xii, 6. 
STJLPHON BLACK, xiv, 2. 
STJLPHON BLTJES, V, 7. 
SULPHON DARK BLTJE, XXV. 

STJLPHON ORANGE, vi, 6 ; viii, 17. 
STJUHON VIOLET, vi, 9 ; X, 9. 
STJLPHON YELLOW, vi, 6 ; viij, 17 ; XXX, 

11. 

yTJLPHONAZUBINB, xi, 25. 
SUUPHONCYANINE BLACK, vl, 10 ; xiv, 2. 
STTLPHONCYANINES, V, 7 ; xi, 25 ; XXV. 
STJLPHTJB BLACKS, XXi, 11. 
STJLPHTJE BLTJE, XViii, 11. 
STJLPHTJB COLOTJBS, V, 1 ; vii, 1. 
STJLPHTJB GEEEN, xix, 11. 
STJUPHTJE YELLOWS AND ORANGES, 

XV, 15. 

STJLTON REDS AND SCARLETS, V, 4. 
SUN YELLOW, V, 3 ; VJii, 14. 
SUPEAMINE BLACK, vi, 10 ; xiv, 2. 

STJPRAMINE BROWN, vi, 6 ; xiii, 3. 

STJPBAMINB RED, vi, 5. 
STJPEAMINE YELLOW, vi, 6 ; viu, 7. 

TANNATB OF IRON, Xxi, 2. 

TANNIN BROWN, iv, 15 ; xiu, 2 ; XX, 2. 

TANNIN HELIOTROPE, iv, 7 ; X, 1 ; 

xvii, 4. 
TANNIN ORANGE, iv, 14 ; viii, 5 ; XV, 
10. 

TABTRAPHENINE, vi, 6 ; viu, 7. 

TABTRA2INE, vi, 6 ; viii, 7 ; xxx, 11. 

TBREA-COTTA, XX, 9. 

THIAZOL YELLOW, V, 2 ; vtu, 12 ; XV, 

16. 
THIOCAEMINE, vi, 2 ; xi, 6. 
THiOFLAViNE, iv," 16 J V, 2 ; viii, 3 ; 

vui, 12 ; XV, 6 ; xv, 16. 

THIOGENB BLACK, XXi, 11. 
THIOGBNB BLUB, XViii, 11. 
THIOGENB BROWNS, XX, 11 ; XXX, 1. 
THEOQENE COLOUBS, V, 1 ; vii, 1. 
THIOGBNB DAEK RED, XVii, 19. 
THIOGENB GREEN, xix, 11. 
THIOGENB RUBINE, XVi, 11. 
THIOGENB VIOLET, Xvii, 14. 
THIOGENB YELLOWS AND ORANGES, XV, 

15. 



THIO-INDIGO BLUE, xl, 19. 

THio-iNDiGO BROWN, xiii, 4 ; XX, 10. 

THIO-INDIGO ORANGE, vlii, 13. 
THtO-INDIGO BED, ix, 15 ; xvi, 12 ; 

xxx, 2. 
THIO-INDIGO SCARLET, vii, 9 ; ix, 15 ; 

xvi, 12 ; xxx, 2. 

THIO-INDIGO SERIES, VU, 8. 

THIO-INDIGO VIOLET, X, 13 ; xvii, 16. 

THIO-INDIGO YELLOW, viii, 13. 
THIO-INDONE GREEN, VU, 8. 
THEON COLOURS, V, 1 ; vii, 1. 
THtONAL COLOURS, V, 1 ; vii, 1. 
THIONAL YELLOWS AND ORANGES, XV. 

15. 

THIONINE BLUB, Iv, 5. 
THIONOL BLACK, Xxl, 11. 
THIONOL COLOUES, V, 1 ; vii, 1. 
THIONOL GBEEN, xix, 11. 
THEOXINE COLOURS, V, 1 ; vii, 1. 
TITAN BLACKS, V, 9. 
TITAN BEDS AND SCARLETS, V, 4. 
TOLTDINE BROWN, XX, 6. 
TOLUYLBNE BLACKS, V, 9. 
TOLUYLBNE BLUBS, V, 7. 

TOLUYLBNE BROWN, V, 5 ; xiii, 8 ; 
XV, 12 ; XX, 3. 

TOLUYLBNE ORANGE, V, 5 ; XV, 12. 
TOLUYLBNE BEDS AND SCARLETS, V, 

4. 
TOLUYLBNE YELLOW, V, 5 ; viu, 17 ; 

XV, 12. 

TOLYL BLACK, vl, 10. 

TOLYL BLUB, V, 7 ; vi, 8 ; xi, 25. 

TOPPING VIOLET, XXV. 

TRIASOL EAST YELLOW, V, 2 ; VUi, 12. 

TRIAZOL GREENS AND OLIVES, V, 6. 

TRIAZOL YELLOW, VUi, 17. 

TRISULPHON BROWNS AND OEANGES, 
V, 5. 

TBESULPHON VIOLETS AND HELIO- 
TROPES, V, 8. 

TRISULPHON YELLOWS, V, 5. 

TRONA RED, V, 4. 

TURKEY RED, Xvi, 14. 

TURMERIC, viii, 6. 

TURQUOISE BLUB, iv, 11 ; xl, 2 ; xviii, 

5 ; xxx, 14 

TUSCALINE ORANGE, vii, 6 ; XXX, 1. 

ULTRA VIOLET, iv, 6 ; xi, 17 ; xvii, 7 ; 

xvii, 15. 
ULTRACYANINB, Iv, 4 ; xi, 17 ; xviii, 

6 ; xviii, 12. 

ULTRAMARINE, Xviii, 15. 
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UMBEB, XXX, 20. 
UNION BLACK, xiv, 3. 

XTBANINE, vi, 3 ; viii, 6. 

VAT RED, vii, 8 ; ix, 15 ; xvi, 12. 

VATTED BLACK, xIt, 6. 
VENETIAN RED, XXX, 20. 
VERMILLION, XXX, 20. 
VESUVINE, iv, 15 ; XXX, 15. 
VICTORIA BLACK, vi, 10. 

VICTORIA BLUE, iv, 11 ; xi, 2 ; xviii, 5 ; 

XXX, 14. 
VIOTOBIA GREEN, iv, 10 ; xix, 4. 

VICTORIA PURE BLUE, iV, 11. 
VICTORIA SCARLETS, vi, 5 ; ix, 10. 
VICTORIA VIOLET, vi, 9 ; X, 9. 

VICTORIA YELLOW, vi, 6 ; vui, 10. 
VIOLAMINES, vi, 2 ; X, 7 ; xi, 20. 

VIOLANTHRENE, Xvii, 20. 
VIRIDANTHRENE, xix, 18. 

viBiDONE, vii, 3. 

WATER BLUES, vi, 4, 
WELD, vui, 11. 



WOOL BLACK, vi, 10. 

WOOL BLUB, vi, 4 ; xi, 8, 10. 
WOOL BROWN, vi, 6 ; xiii, 3. 

WOOL TAST BLUE, vi, 2 J XXV. 

WOOL PAST ORANGE, vi, 6 ; viii, 7, 

WOOL FAST VTOLET, vi, 2. 
WOOL FAST YELLOW, viii, 9. 

WOOL GREEN, vi, 4 ; xii, 5. 
WOOL BEDS, vl, 5 ; ix, 10. 
WOOL SCARLETS, vi, 5 ; ix, 10. 

WOOL VIOLET, X, 9. 

XYLENE BLUE, vi, 4 ; xi, 9. 
XYLENE LIGHT YELLOW, viii, 7. 
XYLENE RED, Vl, 4 ; ix, 7. 

XYLENE YELLOW, vi, 6 ; viii, 7. 

XYLIDINE PONCEAU, ix, 10. 

ZAMBESI BLACKS, V, 9. 
ZAMBESI BLUES, V, 7. 
ZAMBESI BROWNS, V, 5. 
ZAMBESI ORANGES, V, 5. 
ZAMBESI RED, XVi, 7. 
ZAMBESI YELLOWS, V, 5, 
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